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MONDAY

It is a Monday afternoon at the Jefferson National Laboratory particle accelerator facility in
Newport News, Virginia. A computer scientist has just arrived to help Dr. Carlene Rufus with her
work in particle physics. The computer scientist, William “ Willie” Esquire, is a member of the
faculty at North Carolina State University. In addition to his Ph.D. in computer science, he hasan
undergraduate degree in physics and a Ph.D. in philosophy. Willie has a mind for theoretical
reasoning and iseager to help Rufuswith her latest research. Rufusisa patient, meticulouswoman
with utter confidence that all problems of the world can be solved if enough accurate data are
collected. Her lab assistant, Tad Logan, will soon have his Ph.D. in physics. He has worked with
Rufus for a couple of years and knows his way around the lab. They cordially welcome Willie and
start to familiarize himwith their work.

Dr. Rufus: Tad, will you show Willie to the control console?

Willie: Looks like you are running a pretty powerful system here. Y ou must have two dozen new
HP-UX’sin here.

Tad: Twenty actualy, running about eighty Motorola VME' s for input/output control. Coffee?

Willie: Nothanks; it’salittlelatein theday for me and caffeine. Where doesthefunding for all this
eguipment come from?

Dr. Rufus: The Department of Energy, primarily, but NASA, the National Science Foundation and
afew research universities are also very interested in what we are doing. We may be on the verge
of acutting-edge discovery.

Willie: What sort of discovery?

Tad: A new fundamental particle.

Willie: Really? My particle physics might be alittle rusty, but tell me about it anyway. What isthis
new particle?

Dr. Rufus: We are trying to isolate the very elusive psi-lepton. But we're not sure if we've found
it or some unanticipated cousin. The particle we are observing behaves exactly according to lepton
theory, except for one mysterious characteristic.

Willie: | think | remember reading something about the psi-lepton. Seemed like pretty abstract,
speculative stuff to me.

Dr. Rufus: Yes, itis-was, until now. Well, maybe. Most of my colleagues have been very skeptical,
which is why we're taking so much care in trying to explain why our particle deviates from the
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theory in the way that it does.
Willie: So what’s the discrepancy?

Dr. Rufus: | have some graphs to look over and some more calculations to do. Tad, would you
pleasetell Willie about our dilemmaand show him where the accel erator-control program filesare
so he can get to work.

Rufus returnsto her office, leaving Willie with Tad who sits down at a terminal near the command
console and begins to show Willie the file system.

Tad: Okay. The experiment we're running involves the ultrarelativistic collision of a uranium
isotope and a heavy helium ion. We' ve set up fields to filter out every particle predicted to escape
the collision except (in theory) the psi-lepton and we have the software in place to anayze the data
from the detection devices in order to track position and energy. It seemed undeniable that we had
observed a psi-lepton, except that it vanished long before theory predicts.

Willie: Then your particle has afaster decay rate than it should have?

Tad [shaking hishead]: Not that simple. After afew more runswith the same result, we decided to
look more closely at the last fraction of the particle’ s life. What we saw was that another particle
appeared out of nowhere and annihilated our psi-lepton-like particle.

Willie: Out of nowhere?

Tad: | should be more precise. Studying the early moments of the second particle s appearance we
confirmed that it is formed out of very small, almost undetectable, energy fluctuations that are
present in the accelerator. Such a spontaneous formation process is theoretically possible, but we
calculated the probability of it occurring to be on the order of 10%%. So, right now Dr. Rufusistrying
to come up with amore plausible explanation for its appearance.

Willie: That's why you’ve called me? You want to know if there is a fault in the accelerator’s
program that is giving you these strange results?

Tad: Exactly...Ah, here are the accelerator-program files. Y ou really a philosopher?

Williee Well, | have aPh.D. in philosophy. | loved doing metaphysics, but ajob was hard to come
by.

Tad: | guessyou can't really expect Department of Energy funding for that stuff. I'll let you get to
work.

Willie beginsto study the complex programs that run the accelerator. After a few hours he finishes
and approaches Rufus in her office.



Willie: May 1?

Dr. Rufus: Certainly, comeright in.

Willie enters the office.

Dr. Rufus: Did you find anything?

Willie: Actually, | did. Therewas astrange glitch. My guessisthat there is some kind of hardware
problem since | was able to bypass the problem using some aternative code. The new code should
be functionally equivalent, but my simulations now run much more smoothly. Asfar as| can see,

the accelerator should work properly now.

Dr. Rufus. Excellent work. Now we can see whether we really have the psi-lepton. It istimeto run
anew trial. Please stay.

Willie: Thanks. | think I will.

Rufus and Willie leave the office and walk back to the control console.

Dr. Rufus: Tad, Willie thinks we are ready to go. Would you ready the accelerator?

Tad: Gladly!

Tad sits down at the console and enthusiastically punches in the necessary commands.

Tad: All set Professor. Shall | start it?

Dr. Rufus: Go ahead, Tad.

The accelerator starts up with a dull humming sound. In a few minutes, the results from the
experiment appear on the monitor and the printer beginsto print out several pagesof data. Tad tears

off one of the sheetsand showsit to Rufus. Willieis pleased, but not very interested; hedoesn’t look
at the data.



10

Trial 46

position: +++ iy
energy: Xxx

10
nanoseconds

Tad: Congratulations, Dr. Rufus. You' ve doneit! The data indicate we had a perfectly stable psi-
lepton in the detection chamber. Thisis just what that so-called speculative theory predicts.

Dr. Rufus. Thank you Tad, but don’t be hasty. Right now the scientist in meis still curious about
what was happening before Willie sidestepped that strange glitch hefound. If the particlereally was
apsi-lepton, how can weaccount for the strange behavior it exhibited? Willie, do you know how the
glitch was affecting the accel erator?

Willie: Not exactly. Likel told you before, | suspect that there is somekind of hardware problem.
Somedisturbancetakes placein the chamber when the program isrun with the original code, but not
with my rewrite. Without pulling apart al this beautiful equipment, that’s about al | can tell you.
If it will help, I could probably figure out when the glitch takes place by restoring the original
program.

Dr. Rufus: That’s not very much, but every bit of information is potentially useful.

Willie: Sure, reinserting the original code should only take a second. Then I’'ll attach a diagnostic
log that will show when the glitch kicks in and the disturbance begins.



Willie sits back down at histerminal and types for a minute or two. Rufus takes a seat nearby.
Willie: That should do it.

Dr. Rufus: Thank you. Tad, will you run the creation process again?

Tad [still excited about the results of the last run]: One psi-lepton coming right up!

Tad enters the commands again and after a few more minutes the data appear on the control
monitor. Rufus and Tad take a |ook.

Trial 47

Dr. Rufus: The anomalous particleis back. Once again, it originates at t = 3 nanoseconds asit did
in Trials 1 through 45.

Willie[not looking up from histerminal]: | know thisisgoing to sound weird, but the glitch seems
to occur after about five nanoseconds.

Tad: That'sstrange. If Willieisright, theglitch could not have caused the second particleto appear.
The origin of the second particleis still amystery.

Dr. Rufus: Hmmm...



Tad: What are you thinking, Professor?

Dr. Rufus. In contrast to what you said, Tad, if theglitchisnot present, then the anomalous particle
does not appear. When it is present, the particle does appear. So, the glitch does seem to cause the
second particle.

Willie: Backwards causation?
Tad: What?! Y ou’re not serious, Professor.

Dr. Rufus: It’sthe closest thing to an explanation for the appearance of that particle we' ve come up
with so far. Why couldn’t it be a case of backwards causation?

Tad: Becausethat’sludicrous! Something in the future can’t cause things in the present or past to
occur. That’sjust the paradoxical kind of thing Hollywood takes up, not serious researchers.

Rufus raises her eyebrowsin mock offense, but just tears off a graphical printout of the latest trial
and starts jotting down some notes, not saying a thing.

Williee What Hollywood seems to care about is entertaining and lucrative time-travel plots. (And,
by theway, philosophersanyway do think about backwards causation and timetravel afair bit.) You
should be careful to keep backward causation distinct from time travel. Time travel to the future
doesn’t require backward causation at all, and backwards causation can happen without timetravel.
Dr. Rufus's hypothesis, if I've got it right, states that the glitch causes the anomalous particle to
appear at an earlier time than the time of the glitch and then the new particle moves off and collides
with the psi-lepton. No time travel.

Tad: Fine, but this still doesn’t make sense. The problems that come up in the time-travel movies
arise not so much from their time-travel aspect but from the presence of backward causation. Take
Back to the Future, for instance. Doc sets the time controls of the Delorian in 1985, and Biff gets
covered in manurein 1955. The former event—the later one—caused the latter event—the earlier one:
timetrave plusbackward causation. Okay sofar, but consider this. Say Marty timetravel sto the past
and breaks up his parents’ meeting, which he only does temporarily in the movie. If he had done so
for good, he would no longer exist to affect those events he just caused. If he didn’t exist, then he
would never have gone back in timeto break up his parents meeting inthefirst place. It doesn’t take
long to find absurdities here.

Willie: I'll grant you that most time-travel moviesareabsurd, but that’ s because screenwritersdon’t
have philosophy degrees. The absurdities occur because everyone is worried about dramatic effect
rather than logic. The problemsinthese moviesdo not underminethe possibility of either timetravel
or backward causation. There are other moviesthat are logical. Terminator is one.

Dr. Rufus: | am afraid | am not familiar with that film.



Willie: In the movie, our society of the future is destroyed by cyborgs that were created by a
company called Skynet. A devastating war between the machines and the humans takes place.
During this war with the machines, the technology for atime displacement machine is discovered.
As events unfold, one man and one terminator are sent backwards in time. The terminator is
programmed to kill Sarah Conner, the mother of the leader of the human rebels, which will in effect
kill her unborn son, John Conner.

Tad: Okay, you explain Terminator 2. How are all the characters unchanged after they destroy the
terminator’s hand and microchip?

Willie: Yes, well, the second movieisnot consistent. Thistime two cyborgs are sent back from the
future, one to kill John Conner, now a teenager, and the other to protect him. Meanwhile, Sarah
decides to try to kill the genius behind Skynet, the company destined to create the first cyborg
technology.

Tad: Something that would change events drastically for the future, if she succeeds.

Willie: Yes, and she does at least convince him of the destruction his new technology will cause;
together they go to demolish the Skynet headquarters.

Tad: In effect, causing the cyborgs not to be created, or the time machine, or John.

Willie: Right. We learn that the reason Skynet was able to construct its first cyborg machine was
because it found and studied the parts that were left intact—the hand and the microchip—when the
terminator of thefirst moviewasdestroyed. So the original movie could not have happened: nowar,
no time displacement unit, and no cyborg machine. Fun stuff, but not entirely coherent I'm afraid.
So | concede to you that Terminator 2 is a mess. | would, however, like to suggest that the first
Terminator lacked any contradictions.

Tad: How’sthat?

Willie: A terminator goesback intime set to kill ayoung Sarah Conner. | don’'t seeany logical fault
in that.

Tad: Yeah, but killing Sarah Connor would drastically changethe future. Her son would never have
been born and would never have fought the cyborgs, which the movietellsushe did. It would seem
wewould haveadilemma. Thecyborgs' future existencewould then be dependent on her existence.

Willie: But the terminator wasn't successful. He didn’t kill Sarah Conner. There is no suggestion
that something did and didn’t happen at the sametime. In Terminator 2, however, it had to be both
true and not true that Skynet devel oped cyborg technol ogy; so therewas acontradiction. It seemsto
me that as long as there is no hint that at one and the same time something both did and didn’t
happen, then the stories are consistent.
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Dr. Rufus[Looking up fromher work]: |1 am going to haveto cut thisoff; | want to get back to what
isgoing on with the psi-lepton, if that’swhat it is.

Willie: May | have alook at the printout?

Dr. Rufus: Certainly, here’ sthe graphical record of the last trial.
Rufus hands Willie the graph for Trial 47.

Willie: | know I'm rusty, but doesn’t that indicate decay?

Tad: No, the time-axis runs |eft to right this way [gestures]; you're looking at it from the wrong
direction.

Dr. Rufus: Wait aminute, Tad. Willi€ sright. That’s what | wanted to show you. The plot of the
anomal ous particle looks much more like a decay process than a creation process.

Tad: Interesting, we have a creation that 10oks like a backwards decay, but so what?

Dr. Rufus: You should not be so quick to ignore your own thoughts. Weren't you the one, afew
minutes ago, who brought up the idea of time travel ?

Tad: Yes, but only to make fun of ...

Willie[interrupting] : Areyou saying that this particle is time traveling?

Dr. Rufus: | think it sacandidate explanation for what we are observing. Wouldn't you agree, Tad?
Tad: | don’'t know—atime-traveling psi-lepton?

Dr. Rufus: Timetravel could explain al of the strange datawe have collected. Willie said the glitch
happened at nearly the exact moment that the two particles collide, but the data show no residuals
from a collision; both particles just vanish. What if there was only one particle? The glitch could
have caused the psi-lepton to reverse its temporal direction. At that point the psi-lepton ceases
traveling from present to future and begins traveling from present to past. The two particles we see
could be the psi-lepton traveling forward in time, and the same psi-lepton traveling backwards in
time.

Willie: | am not surethat | follow. How isthe lack of residuals relevant?

Dr. Rufus: The diamond plot on the graph tracks the energy of the system. Notice that thereis an
increase when the anomal ous particle appears. What ispeculiar isthat thereisno increasein energy
after the supposed collision, no residuals of the particle annihilation. In fact, the energy drops
immediately to zero.
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Willie: But, if theglitch caused the particleto turn around in time, so there was no annihilation, we
would have an explanation for the lack of residuals and for the origin of the second particle! Wow,
we might have just witnessed a case of backwards time travel.

Tad: Oh, come off it Willie! That doesn’t mean anything. Terminator notwithstanding, time travel
is afantasy. It would generate al these crazy, impossible situations. | could go back in time and
shoot my grandfather. But then if | shot my grandfather, | wouldn’t exist, because my grandfather
would never have fathered my father and my father would never have fathered me. But then you'd
have my grandfather lying dead in the street back in 1930, and hiskiller would never have existed.
That isimpossible.

Willie: What you' re talking about sounds a lot like the Back to the Future scenario, except more
problematic.

Dr. Rufus: If the particleis not time traveling, how do you explain the fact that the program glitch
seemsto causethe second particleto appear and that its appearancelooks much morelikeadecaying
process than a creation process?

Tad: | don’'t know; perhapsit’sjust afreak coincidence.

Dr. Rufus: Not just onefreak coincidence, Tad, lots of them. We haverun this experiment 47 times
inthelast month and every time, excluding the one time when weran it without the glitch, a second
particle has appeared.

Willie: Yes, if you' re content to dismiss anomalies as coincidences then | don’t see how you could
make progress in science. At least the time-travel hypothesis explains away the coincidences.

Tad: But...
Dr. Rufus: Look fellows, thistalk realy won't get us as far as more lab work will. We need to run
more tests tomorrow. You don’t mind returning tomorrow do you Willie? We may need you to

remove and restore the glitch afew more times.

Willie: Sure, | don’'t have any pressing projects, and | think the Department of Energy can afford
me.

Dr. Rufus: Then I'll see you two tomorrow. Don't forget to lock up, Tad.



TUESDAY

It’s 9:00 the next morning. Tad and Willie are already inside the lab talking over mugs of coffee
when Rufus arrives. It is obvious that none of the three slept well.

Dr. Rufus: Good morning gentlemen, would one of you mind pouring me a cup? | was up to all
hours thinking of ways to test our time-travel hypothesis.

Tad [pouring Rufusa cup of coffee]: That makesthree of us, but maybe you had better luck than we
did. I, for one, couldn’t get over the idea that we are taking time travel seriously.

Dr. Rufus. Pleasetrytoget used toit, at least for time being. The questionis: How do we go about
testing our hypothesis?

Tad [handing the coffee to Rufus]: Let me get clear on just what the hypothesis is. Here's the
printout from yesterday:

Trial 47

Y ou’ reclaiming that, despite appearances, thereisonly one particle whosetrgectory is plotted here
and that a time-reversal occurs at this point [pointing to the intersection of the x-plotsat t = 5
nanoseconds|. We are considering this hypothesis because it explainsalot. In particular, if true, it
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would appear to explain the lack of residual energy after thetime-reversal and the origin of what we
thought was an anomal ous second psi-lepton-like particle.

Dr. Rufus: That’sfair enough.

Tad: Okay, but | have aquestion about the supposed explanation of the origin of the second particle.
Admittedly, according to the hypothesis, its origin is no longer a mystery; we created it when we
banged the uranium off the helium. It is the psi-lepton. But, we still don’t have an explanation of
what is going on with that particle at t = 3. That’s what was really bothering us; that’s what was
highly improbable by your calculations and yet was happening over and over again. So what if that
isn’t theorigin of that particle? According to thetime-travel hypothesis, it isthetime-reversed decay
of the particle. Fine, I’ll go along with that. But, | don’t see that we have an explanation for why it

decays.
Dr. Rufus: Excellent, Tad. Quite perceptive.

Tad: Yesterday, we thought the time-travel hypothesis would account for the origin of the
anomalous particle. In away, it saysthat it doesn’t originate, at least not at t = 3. Very neat, but if
we are taking this idea seriously, there is still something here that needs to be explained. In your
version, Professor, the anomalous particle isn't coming into existence at t = 3-t is beginning the
reversed decay. But why should it do that?

Dr. Rufus: It did not occur to me until late last night, but | think that my hypothesis predicts the
decay too. Take alook at the “lifespan” of the particle in Tria 47. It originates at t = O, behaves
normally until t =5, and then travels backward in time for two additional nanoseconds. Its lifespan
until it decays, how long it is around from its perspective, is seven nanoseconds.

Tad: So?

Dr. Rufus. Seven nanoseconds is precisely what theory predicts for the lifetime of a psi-lepton. It
is also exactly how long our normal psi-lepton lasted in Trial 46.

Tad: Clever, but | still don’t know...

Dr. Rufus: None of us knows much of anything at this point, I'm afraid. Wereally are doing little
more than speculating. What we need is more tests.

Williee Maybe it would help to think about how the time-travel hypothesis we are considering
differsfrom theideaof backward causation that you first floated. Thereisabig difference. Yes, the
glitch seemsto have somekind of backwards causal connection with the existence of the anomal ous
particle at t = 3. It would be amazing if we could confirm even that much. But, if the anomalous
particle is the psi-lepton time traveling, then the “two” particles that the detector is picking up are
really one. That really is crucial to thetime-travel hypothesis. It swhat takes the issue of the origin
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of the anomalous particle out of play. It also has some more fantastic-sounding consequences. It
implies, for example, that the psi-lepton was at two different places at one time.

Tad: You'rethe philosopher. You figureit out. That thereisreally only one particle doesn’t seem
like such a big deal. Their sameness is easy enough to swallow. All | know is that there's no
observable difference; according to the data from the detectors, they’'re the same. If they're in
different places at the same time, no big deal. It's the whole problem of something in the future
causing thingsin the past that bothersme; whether it’ sthe same particle seemstrivial by comparison.

Willie: Theissueisnot whether they share the same qualities, because many things share qualities
and are not the samething. | mean, simply because my appleisred and my son’sball isred does not
entail they are the same object. Or, evenif your son hasaball that isred with the same diameter and
texture as my son’s ball, they are certainly not the same ball.

Tad: | don't have a son.
Willie [exasperated]: That'sirrelevant, | amonly...

Tad: Just messing with you. | seewhat you' retrying to say about the balls, but psi-leptons are much
different than mass-produced children’ s toys.

Willie: True, but qualitative agreement is still no guarantee of numerical identity whether we are
talking about the quantum or the macroscopic world. Say you entered a building yesterday and saw
different colored chairsin aroom and you sat in one of those chairs. Overnight, the chairsare shifted
around, stripped of their paint, and then repainted. Let’ s say the red ones were stripped and painted
blue and the blue ones stripped and painted red. If you didn’t know this had happened, you might
seeachair today with the same color, shape and wei ght asthe oneyou sat in the day before. Because
the chairs had been painted, thiswouldn’t be the same chair asthe one you sat in the day before, but
yet, it has the same qualities. What makes the chair you took notice of today the very same thing as
the one you sat in yesterday?

Tad: Well there's a history to the chair. It was as | saw it yesterday. Then, someone moved it,
stripped it, painted it, set it aside to dry, and then it was as | saw it today. There's a sequence of
events and if you follow the chain, you can tell whichiswhich. But no oneis painting our particle.

Willie: True. It also helps that we can follow the path of the particle.

Dr. Rufus. Goodidea, Willie. Let’ sdrop the metaphysicsfor amoment and concentrate on what we
really know about this particle’ s life. The path on the bottom of our second graph from yesterday,
Trial 47, isthetheoretically predicted path of the psi-lepton. At all therelevant layersin the detection
chamber, it behaves exactly as predicted by my calculations. Y ou can see here [pulling a stack of
data printoutsout of afolder] that in each of our trialsthe mass-energy, momentum, chargeand spin
for this path have exactly the predicted values, until, that is, the unexplained event occurs.



13

Tad [interrupting] : Y ou mean the collision?

Dr. Rufus: 1 won't call it acollision or atime-reversal yet. The point hereis that, according to the
data, we have a perfectly stable psi-lepton right up until the time of the event. Now, the path on the
top, here, iswherethe confusioniscoming from. AsWilliepointed out yesterday, it looksvery much
like the particle is adecaying psi-lepton, provided that you reverse the time-axis. Indeed, al of the
data indicate that it is a psi-lepton. | don’t, however, want to be too quick in saying that it is
displaying al of the features of decay. So, thismorning | am going to try to see how much water that
hypothesis will hold by running a computer simulation of the theoretical psi-lepton with time
reversed and compare it to the data we have here.

Willie: But even a perfect match won't establish the time-travel hypothesis. | am not sure what
would decideit. There would still be a number of unanswered questions and untested theories. For
example, even if the ssmulation matchesthe data perfectly, that doesn’t give us proof that the “two”
particles are the same particle. It could still be two forward-in-time particles colliding or even a
forward-in-time particle creating a brand new backwards-in-time particle.

Dr. Rufus: Right. Thisisjust astarting point, but if thecomputer simulation doesnot show the same
time-reversed behavior then we will have at |east alittle more reason to think twice about the time-
travel hypothesis.

Willie: | guessso. That certainly sounds like something worth checking. But, regardless of what the
simulation shows, we still have the problem of explaining what’ s going on during the event, as you
called it.

Tad: A few minutes ago we were talking about the identity and continuity of our particle. It seems
to me if we could somehow verify that the two particles we are observing are actually just one
particle then we' d have good reason to conclude that what is happening hereisreally timetravel.

Willie: Right, but | don’t see how we could go about it. We have seen that both particles display al
of the detectable psi-lepton properties; they both have the right mass-energy, charge and spin, but
thetwo particleshaving the same propertiesisn’t enough evidenceto call themidentical. What | was
getting at beforeisthat we also would want to establish an uninterrupted spatiotemporal and causal
continuity between the psi-lepton on the bottom of our graph and the psi-lepton-like particle up on
the top. But, what is amazing is that, even though there is such a continuity, that doesn’t decide
whether it istwo ordinary particles colliding, one ordinary particle producing anew time-traveling
particle, or really our time-traveling psi-lepton turning around in time.

Tad: Well, I don’t think it is unreasonable to say that we have the continuity for the path on the top
and the path on the bottom separately, if we can't say that then | think experimental physics in
general turns out to be pretty useless.

Willie: Yes, but that doesn’'t even tell us which direction the causation is flowing. Is it forward
causation or backwards causation? We' re also | eft with the problem of explaining what isgoing on
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during the event. We need to find some way to establish adirect and continuous causal connection
from the particle on the bottom an instant before the event to the particle on the top an instant before
the event. Then we need to find some reason to think they are the same particle, not one particle
producing a qualitatively similar new one.

Tad: Well, given our data, even | have to admit that doesn’t seem like too much of a stretch. If we
push your concern to its logical conclusion, how can | even say that this coffee cup is the same as
theonel took out of my cabinet thismorning. Maybe there was anew oneinstantaneously produced
moments ago.

Dr. Rufus: | agree, Tad. Look fellows, we have a hypothesis here, the time-travel hypothesis, that
appearsto explain some highly unusual data. | am not going to reject it based on this philosophizing.
We may not be able to prove that it isasingle psi-lepton, but that’s just science for you. | am not a
mathematician or aphilosopher. | am not looking for proofs. Inany case, | still can’t believe, Willie,
that you would abandon our hypothesis, a seemingly explanatory hypothesis, based on these
philosophical worries about identity.

Willie: I am not surel would, but, look, the explanatory promise of thetime-travel hypothesiswon'’t
distinguish it from some competing hypotheses. Here is an equally explanatory hypothesis:
backwards causation but no identity. Psi-lepton and the glitch work together to produce abrand new
time-traveling particle.

Dr. Rufus: Perhapsthat hypothesisisequally explanatory, perhapsnot. My hypothesis seemsagood
bit simpler. Y our competing hypothesis must bethat the state of the psi-lepton causes anew particle
to come into existence during the event with all the same properties as the psi-lepton. Mine is that
the psi-lepton time reverses. Mine seems easier to state and posits fewer particles. The account of
the missing residuals also seems more natural with my hypothesis. We don’t have to worry about
the sudden decay of one particle, the immediate creation of a new particle, and whatever kind of
energy that would involve. We just have a particle that time-reverses.

Willie: But...

Dr. Rufus [interrupting]: That’s enough brainstorming for me. We are not getting any closer to
trying anew experiment. While I’'m working on this simulation, I’d like you two gentlemen to try
to come up with some possible ways to manipulate our experimental set up that might give us some
more useful datato compare with our previous results.

As Rufus returns to her office, Willie gets up and pours himself another cup of coffee.

Willie: Any ideas?

Tad: Well, like | said before, what was really keeping me up last night was the hypothesis that the
glitch seems to be causing the particle on the right here to appear. Even if the particle is time-
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traveling, it seemsalittle weird that the cause of the second particle’ s appearance happens after that
particle appears.

Willie: You'reright, that isabig problem, one that philosophers have been grappling with for half
acentury, at least. If we could find experimental evidence proving backwards causation, you could
bet that it would send a shockwave through the philosophical world.

Tad: | bet. The big question is how. Is there some way that we can stop the glitch after the second
particle appears? It seems like it might be tough given that there are only a couple of nanoseconds
before the glitch kicksin.

Willie: That’ saninteresting possibility. It might befeasible. It would take sometricky programming
to optimize the processor’ s resources and even then it would be aclose cal, but | might be able to.

Tad: It seemsthat if we had time to stop the glitch, we wouldn’t really be able to, since according
to the time-travel hypothesis, the effect of the glitch aready exists before the glitch happens. If we
do stop the glitch, we can rule out time travel and backwards causation as possible explanations for
the second particle.

Willie: And, if wedon't stop the glitch, we will at least still have alot to talk about. Arguably, we
would also have some experimental evidence that backwards causation is happening.

Tad: I'll let you get to work. I'm going to go make sure thisis how Dr. Rufus wants to proceed.
Tad walks off to Rufus's office and Willie makes his way towards the terminal he has been using.

The rest of the day the three are engaged in their private tasks, thinking about the implications of
their possible discovery.



WEDNESDAY

Rufus is already at the lab and working when Tad and Willie arrive...

Dr. Rufus: Good morning gentlemen. Tad, Willie e-mailed me about your idea for removing the
glitch after the second particle appears. | think that would be agreat way to proceed. If we can stop
the glitch from occurring after the second particle appears, we would certainly haveto consider that
a strike against backward causation and our general time-travel hypothesis. How far did you get
yesterday?

Willie: | got off to agood start. | should be able to have the program ready for trials today.
Dr. Rufus: Excellent. Let me know when you'reready. I'll be in my office.
Rufus leaves Tad and Willie in the lab.

Tad: | wasthinking about the basis of today’ srevisionsto the program. It seemsto methat wedon’t
even need today’ s experiment to disprove the possibility of backwards causation.

Willie: How did you arrive at that conclusion?

Tad: Well, we already know how to change whether the second particle appears by removing or
replacing the glitch in the programming. Furthermore, we know that we can remove the glitch after
the second particle appears. There is the matter of optimizing the use of the computer’ s resources
to allow usto remove the glitch in the time between the appearance of the second particle and the
annihilation of both particles. But, that’ sjust atechnological problem, onethat you areworking on.
Even if you don't succeed, we still know it could be removed somehow. So, assuming that
backwards causation is at work, we can prevent the cause of the second particle’ s appearance after
it has already appeared. That can’t happen, so backward causation isn’'t at work.

Willie: So, you reason like this. If the presence of the psi-lepton and the glitch caused the second
particle' s presence at an earlier time, then it is possible to prevent the second particle’ s presence at
the earlier time by preventing either the glitch or the psi-lepton.

Tad: Right. That'swhat | said.

Willie: Hold on. There' smore. If the second particle’ s appearance precedes the occurrence of the
glitch, which of course it does, then, it is possible to prevent the glitch after the second particle

appears.

Tad: That seems undeniable.
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Willie: But, it isnot possibleto prevent the appearance of the second particle after it has appeared.
Therefore, it is not the case that the occurrence of the glitch causes the second particle to appear a
the earlier time.

Tad: Then, logically, it seemsthat backwards causation cannot bethe caseand thereforethisparticle
isn’t time traveling. So, what’ s the point of the experiment?

Williee Well, the time-travel/backward-causation hypothesis might be false, but your argument
doesn’t show that.

Tad: What do you mean?

Willie: It'saninvalid argument. Let me use another exampleto show youwhat | mean. It ispossible
that my coffee mugisfull right now. It ispossiblethat my coffee mugisempty right now. Therefore,
it is possible that my coffee mug is both full and empty right now.

Tad: Whichisit?

Willie: What? Oh. It's empty.

Tad: Hangon, I'll get you some more.

Willie hands his mug to Tad who goes across the [ab to get some mor e coffee. Tad sees that Rufus
is still reviewing her notes. Meanwhile, Willie begins working on revisions to the accelerator
program for the day’ s experiments.

Tad: How’sit going, Professor?

Dr. Rufus: | redly think today’s experiments are going to go a long way towards proving or
disproving our time-travel hypothesis. How’ s Willie coming along with the program revisions?

Tad: He' s getting there. He should be ready by early this afternoon.

Dr. Rufus: Until then, I’m going to go continue working on asimulation of thetime-reversed decay.
Tad returns to where Willie is working and hands him another mug of coffee.

Tad: | wasjust thinking about the coffee example. It isimpossible for the mug to be full right now
and empty right now; that readlly isillogical. But, isn’t saying that it ispossiblethat it isfull right now
and empty right now the sameassaying that it’ s possiblethat it’ sfull right now and possiblethat it’s

not full right now?

Willie: It stempting to interpret it that way. That’s why your argument seems to refute backwards
causation. But thisexample showsthat the two are not equivalent. Y ou agreed that it is possibl e that
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the mug isfull right now and that it is possible that the mug is empty right now. Y et you also agee
that it is perfectly obviousthat it is not possible that the mug is both full and empty right now.

Tad: | see. So you think we need to run the experiment?
Willie: Absolutely. First, Rufusisn’t going to miss a chance for more data, especialy based on a
philosophical argument—one of yours or one of mine. Second, yes, we really need to see if the

anomalous particle would exist without the glitch.

All three go off to their own tasks. After a lunch break, they reconvene to begin experimenting with
Willie’' srevision to the accelerator program.

Dr. Rufus: Gentlemen, we're ready to set up for today’ s experiment. Willie, you' re sure you have
the accelerator program set to remove the glitch as soon as it detects the presence of a second
particle?

Willie: Yes, | was ableto optimize the use of the processor so that the removal of the glitch can be
accomplishedin lesstimethan theinterval between the annihilation event and the appearance of the
second particle.

Dr. Rufus: Very well. Shall we continue?

Tad: Certainly. I'm starting the accelerator now.

A few minutes later, data appear on the monitor and the printer. Rufus examines the data for a
moment, then a wave of puzzement passes across her face.

Tad: What isit Professor? What do the data show?

Dr. Rufus. Thesedatalook just like the results when we removed the glitch altogether. The second
particle never appeared; at least it was never detected.
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Willie: That’s strange; the program records show that the glitch was removed upon detection of a

particle in the chamber.
Tad: Isn't that just what it was supposed to do?

Willie: Yes. So why don’t we see evidence of the second particle?

Dr. Rufus: Hang on a second. Willie, you said your program removed the glitch as soon as it

detected a particle, right?

Willie: Yes.

Dr. Rufus: At what time did that happen?

Willie: Looking through the computer records. The program removed the glitch at timet = 0.13.

Dr. Rufus. Hmm... That is moments after the datum showing the creation of the psi-lepton.
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Willie: Aagh, | think | know what happened. When | redesigned the program, | set it to turn off the
glitchwhenit detected any particleinthechamber. So, whenthe psi-lepton showed up, the computer
removed the glitch. In effect, we just repeated our experiment from yesterday with no glitch at all.

Dr. Rufus: That would certainly explain these results, but it really doesn’'t bring us any closer to
confirming or disconfirming our time-travel hypothesis. Do you think you can modify the program
again so thisit really won't turn off the glitch until after the anomal ous particle appears?

Willie: Yes, | can do it. However, it is going to take a while-the better part of aday. I'll need to
make the program sensitive to the total energy in the chamber and set the threshold high enough to
prevent unexpected removal of the glitch.

Dr. Rufus. Here' swhat we can do. Tad, | assume you wouldn’t mind a break from our experiment
to get a little work done on your own thesis. And, | could use the time to work on my decay
simulation. So, wewon’t perform any trialstomorrow. Thereisaluncheon that JNL is hosting that
Tad and | need to attend. Willie why don’t you join us; it will give us achance to touch base and be
ready for the following day.

Willie: That sounds good to me.
Tad: To metoo.

Dr. Rufus. Great. It's been along day aready, so let’s just shut everything down. We won't be
running any experiments until at least the day after tomorrow.

They proceed to shut down the equipment in thelab. It doesn’t takelong for Tad to raise a question.

Tad: Youknow, I'mstill having problemswith thewholetime-travel idea. Despite the evidenceand
the philosophy, | can’t help feeling that this whole thing isfoolish. It just isn't possible. You can’t
change the past, so you can’t time travel.

Dr. Rufus: | agreewith you that we can’t changethe past, but | fail to see how that makestimetravel
impossible.

Tad: It seemsobviousto me. If youtimetravel, you can change the past. But, sinceit’ snot possible
to change the past, you can’'t time travel. That seems like straightforward logic to me.

Dr. Rufus: And how could atime traveler change the past?

Tad: Lotsof ways. Infact, | don’t see how in going back to the past one can possibly avoid changing
history. What if | really didn’t like my grandfather (I actually loved him to death, but just consider
the possibility) and | wish | could have killed him. Unfortunately for me, he died before | had the
chance. So, | decideto go back intimeto kill him before he even met my grandmother. Now, | only
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get one shot at going back intime, so | want to make sure | can kill him, so | take all of the latest
weaponry with me.

Williee Hmm...thisis sounding like afamiliar argument. Keep going Tad.

Tad: Since | have the best possible arsenal, along with advance knowledge of my grandfather’s
whereabouts, it seems obviousthat | can kill him.

Dr. Rufus: Well, maybe you miss, or something else random like that.

Tad: But it doesn’'t even haveto be anything as dramatic as killing my grandfather. | could step on
abeetle or crush ablade of grass; even just my presence could slightly alter theflow of air, resulting
in tempestuous weather changes. To me it seems impossible that | time travel to the past without
altering the past. If nothing else, my tiny mass would dlightly perturb the space-time continuum,
resulting in some sort of change in the timeline. Since it isimpossible to change the past, it seems
that | can't possibly time travel and neither can our psi-lepton.

Willie: Tad, you' resayingthat you could kill your grandfather because you haveall the prerequisites
to do so, but that you cannot kill him because doing so would change the past, and you claim that
this apparent contradiction rules out the possibility of time travel.

Tad: Exactly.

Willie: Now let’s take another example. Let’s say that | am carrying alot of groceries home, and
| come up to thedoor. | then say, ‘ Could you get thisfor me? | can’t open thedoor’. Yet | very well
could open the door. I’ ve done it hundreds of times.

Tad: How isthat at all like my example?

Dr. Rufus: | think | see how they are ssimilar. Willie, with only his normal abilities, could not get
through the locked door while carrying afull load of groceries; yet, Willie can get through the door
when heisn’'t so burdened or if he had extraordinary abilities. In your example, Tad, we might say
itispossiblefor you to kill your grandfather if we hadn’t taken into account the fact that he died of
some other cause at alater time and was your grandfather and everything else. It might even betrue
to say you could kill him. But, relativeto all those things we do know about the case, no, you can't.

Tad: 1t seemsto methat you are using some kind of weird definition of ‘can’. | just mean ‘can’, as
in‘possible’.

Willie: Dr. Rufusisright. When you say, ‘x can’'t happen’, you normally don’t just mean that there
is absolutely no possible world in which x happens. There are possible worlds where even the laws
of physics don’t hold and so we' d almost never use the word, ‘can’t’. How ‘can’t’ actually works
isto indicate that there is no possible world where x occurs and certain other facts hold. What facts
depends on the features of the conversation we arein.
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Tad: All right, sowhat if ‘can’t’ meansthat there is no possible world where the event occurs and
certain other facts hold. I still both can and cannot kill my grandfather.

Dr. Rufus: | don’t think so. There is a sense in which you can and a sense in which you can't
depending on what facts aretaken asgiven. Y ou can kill your grandfather given thefact that you are
well-armed, not taking into account how he actually died of some other cause. On the other hand,
you obviously cannot kill him, given thefact that you didn’t kill him and that hedied afew yearsago
of cancer. It doesn’'t even matter if it is you who is trying to kill your grandfather; the same
limitations apply for anyone else that goes back in time.

Willie: Your scenario doesn’t contain acontradiction, Tad. It would only be aproblem if you could
and could not kill him given the same facts held fixed. That’s not the case. There is a kind of
eguivocation.

Tad: But when | step out of my time-machine and bend that blade of grass, | have changed the past!

Dr. Rufus. | disagree. You caused the blade of grass to be bent, but that’s not changing the past
unlessin the past, at that time, the blade wasn’t bent.

Willie: And, infact, it wasbent if your story isgoing to be consistent. Don’t try telling usthat it was
straight asan arrow at that time the first time that time happened, but was bent the second time that
time happened. That really isacontradictory story, but thereisno reason to think that all timetravel
islikethat. That grass was already bent.

Tad: Wadll, if we can’'t change the past what were those cyborgs thinking about in the first
Terminator—the oneyou think isconsi stent—when they sent theterminator back to kill Sarah Conner?

Willie: Thatisonething I didn’'t like about that movie. | still think thereisno contradiction, but the
cyborgs do reason poorly in thinking they can prevent something they know to have happened. It is
unfortunate that this providesthe basic premisefor thewholerest of the story. Itisararetime-travel
moviethat acknowledgesour inability to changethe past, though thereisthe sci-fi gem 12 Monkeys.

Tad: What happensin it?

Willie: A man, James Cole, backward time travels. He is sent back from 2035 to determine the
origins of a deadly virus which plagued humanity in the year 1996, and drove the survivors
underground. His goal isto take a sample of the pure virusto the future for study, so that avaccine
might be discovered.

Tad: But if the vaccineis discovered, then the deaths of 1996 could be prevented after they occur,
which leads to a contradiction...
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Willie[interrupting]: ...Holdon. That’ snot what hewasupto. The scientistsknew he couldn’t save
those who were aready dead. The scientists want to make a vaccine to prevent further deaths and
allow people to reinhabit the surface of the Earth.

Tad: | think | understand enough, though it isnow starting to sound like | would haveto step on that
blade of grassas | step out of my time machine, which is crazy.

Willie: Why isthat crazy?

Tad: Presumably there wouldn’t be anyone there to grab my foot and push it down on that blade of
grass. No one and no thing would be forcing me to step on that grass. So, how could it be true that
| would haveto step on that grass? If that blade of grass had to be bent, it isnot even clear to me how
| could have caused it to be bent. It sounds like it would have been bent no matter what | did.

Willie: Thelanguage is tricky here too. When we say, ‘It would have to be bent’ or *You would
haveto steponit’, wearetaking for granted that you did step. We are saying something pretty trivial
that, necessarily, if you did step on it, then you would step on it. We can just as easily say that,
necessarily, if the blade of grass was bent, then no matter what you do the grasswould be bent. But,
so what? These areredly trivial clams.

Tad: But | wouldn't have to! No one would be forcing me! | could decide to hop out of my time
machine rather than step down and miss that blade of grass completely.

Willie: Of course, you could.

Dr. Rufus: Wait Willie. It sounds like you are contradicting yourself. Which isit? Could he have
hopped out of the machine or not?

Willie: Likel said, thisistricky. Don’t forget about my trouble carrying the groceries. Could | have
opened that door or not? A simple question to answer when it is clear what is being taken for
granted. | surely said something true when | yelled for help and said, ‘1 can’t open the door’. It was
avery natural thing to say. But, sure, there are other conversation whereit would trueto say, ‘1 could
have opened thedoor’ . After al, al | would have needed was slightly longer arms and atouch more
upper body strength. So, you ask: ‘ Could Tad have hopped out of the machine or not?'. It'sa hard
guestion to answer when it is not clear what is being taken as given. If we hold fixed that Tad did
step on that grass thirty years ago on that date, that he did step down and not hop out of the time
machine, then yes he had to step down as he did and no he couldn’ t have hopped out of the machine.
If we don't hold that fixed, if al we are holding fixed, say, isthat Tad at the time has the normal
alotment of physical capacities and that thereis nothing coercing him to do what he did, then sure
he could have donelots of other things. He might have decided that the 1970’ slooked kind of scary
and never left the time machine.

Tad: | think | understand enough, thoughit isnow starting to sound like thereisno fact of the matter
about what | would be ableto do. [Willieis about to reply, when Tad continues.] Hold it. Don’'t say
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athing. | am too tired to keep thisup. My head is starting to hurt. Professor, am | right in thinking
that we are about done here? If so, I’m going to head home.

Dr. Rufus: That soundslike agood idea. I'll see both of you at the luncheon tomorrow.



THURSDAY

Rufus, Willie, and Tad are all seated at a table. The introductory speaker, Dr. Twitchell, has just
concluded a talk concerning the expanding universe, and the lunch is being served.

Dr. Rufus: It lookslike wewill be gathering alot more data concerning our mystery particlein the
coming weeks. I'm redlly intrigued by the possibility that it could be time traveling.

Willie: Metoo, but I'm still thinking about Dr. Twitchell’ stalk. It has always struck me as odd to
describe the universe as expanding. What is it expanding into?

Rufus and Tad roll their eyes, sarcastically.

Tad: | don’t know about that Willie, but something similar has been bothering me about our time-
travel hypothesis. | am wondering where our particle could go.

Dr. Rufus: | do not understand.

Tad: If the psi-lepton reversesitsdirectionintime, not being annihilated in the present but traveling
from the present to the past, then we should acknowledge that a time other than the present exists.
But, that’ snot right. Y ou see, what happened yesterday, or even amoment ago, isdone. It happened
in another time, and that time no longer exists. Thisisnow and the past and future don’t exist. How
can the psi-lepton time travel if there is nowhere for it to go?

Rufus takes on a mildly interested expression while Willie looks as though he has heard such an
argument before.

Williee Tad, that sounds just like some arguments against time travel that I've heard from
proponents of presentism.

Tad: What is presentism?

Williee Wéll, dthough it is defined somewhat differently among philosophers, presentism is
generally taken to hold that only present things exist.

Tad: Okay, that seems pretty obviousto me, but | get the feeling that thereisn’t general agreement
that that’s the way the world works.

Willie: You're right. Many philosophers believe in some form of eternalism. It is rather like the
opposite of presentism; it holds that some non-present things exist. Eternalists are fond of treating
time like a fourth dimension of space. Future times and past times exist just as distant regions of
space do.
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Tad: |1 don’'t getit. You are saying that apresentist would claim that Albert Einstein does not exist,
which is obvious to me, but would an eternalist claim that Albert Einstein does exist?

Willie: Yes, but the eternalist would concede that he doesn’t exist now.

Tad: Wait, that also doesn’t make any sense to me. How can you claim that something exists, but
that it does not exist now?

Willie: Well, I’'m not claiming that, but an eternalist might say that that particular something does
exist, not in the present, but in the past.

The server brings three lunches.

Dr. Rufus: Actualy, it seemsobviousto methat Einstein does exist—not now but in, say, 1905. We
are talking about him after all. Willie, I guess you would classify me as an eternalist. But, | am
wondering, wouldn't the presentist admit that as well? | mean, wouldn’t he concede that Albert
Einstein doesn’t exist now but does in 19057

Willie: Ah, strictly speaking, no. Y ou have pointed out akey difference between the presentist and
eternalist, though. The eternalist might say that Einstein exists some years ago, but the presentist
would only say that he existed some years ago.

Dr. Rufus: That just seemsto be playing with the language.
Willie: Inaway it might be, I'm not entirely sure myself.
Tad: What about my objection to our particle being atime traveler?

Williee Well, there'salot to be said. Let’s make sure we have the argument right. Y ou claim that
if there’'s only the present—as presentists hold—and time travel requires a destination other than the
present to whichto travel, then there’ snowherefor atimetraveler to go. Better: there’ snowhen for
the traveler to go.

Tad: Wdll put.

Williee It seems to me that we really have a few relevant options. We can give up our
time-travel/backward causation hypothesis-granting that the argument is sound. Or, we could give
up presentism; there is still eternalism. Or, possibly we could hang on to both time travel and
presentism and try to uncover some flaw in the argument that doesn’t demand that we reject
presentism.

Tad: The argument looks air tight to me, including the assumption that presentism istrue. | lean
towards giving up the time-travel hypothesis.
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Willie: Well that might be how you see it, but we might at |east give it some more thought.

Dr. Rufus: Tempted as| amtojust reject presentism, | suspect thereis somethingwrongwith Tad's
argument. It looks like if Tad's argument works—f it's ‘sound’, as you philosophers say—then all
forms of timetravel must beimpossible. | kind of doubt presentism has such a strong consequence.

Tad [with a complacent look]: Y es. Neither the future nor the past exists if only the present does.
And any form of time travel requires the existence of atime other than the present, so if only the
present exists, then any form of time travel isimpossible.

Dr. Rufus: Einstein’srelativity theory tells usthat at |east a certain kind of forward time travel is
possible, and a 1975 experiment verifiesthis. In this experiment, Carol Alice of the University of
Maryland synchronized two atomic clocks—both of which are considered fully-functioning by
horol ogists-and placed oneon aplaneand flew it around for afew hoursand left the other on Earth.
When the airborne clock returned to Earth, thetimeit displayed was afraction of asecond lessthan
that of the other clock. The experiment at least suggests that time can be distorted, such that the
closer the body comes to the speed of light, the greater the time distortion. The important point,
though, isthat it seems like at least some form of time travel is, in fact, possible.

Willie [to Tad]: A hypothetical case makes the same point. If a woman were cryogenically
suspended for 10 years, and then revived, she’ d have experienced forward continuous time travel.
She might be convinced it's January 1, 2010, when it's really January 1, 2092. She'd be able to
describe nothing about her trip but would haveexcellent recall of eventsprior to the suspension. That
seems perfectly possible and like a case of time travel. Something must be wrong with your
argument.

Tad: That’s not timetravel!
Willie: Why not?

Tad: | am not sure. Even the atomic clock traveling at high speeds seemsalittle too mundaneto be
time travel, but I'll grant you that case. The deep freeze is a different matter.

Dr. Rufus: | agree with Tad about the cryogenic process. In terms of the physics, thereisno time
dilation; nothing interesting is going on.

Willie: Fine. Whether freezing and thawing is, strictly speaking, away to timetravel isirrelevant.
(All'l said, by the way, was that it was like a case of time travel.) The point | was trying to makeis
that what’ simportant about traveling is not that the destination be there when the travel er starts out,
but that it be there when the traveler arrives. It doesn’t matter if January 1, 2092 exists when our
woman is frozen, so long as it exists when she's thawed. Similarly, thinking about the 1975
experiment, it doesn’t seem important that the arrival time (according to the clock on Earth) exist
when the plane startsto accelerate, but it isimportant that thistime exist when the planereturns. The
argument seems to overlook this particularly salient detail.
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Tad: | don't follow.

Willie: Consider this. It' s1987 and you just graduated from high school. Y ou and somefriendshave
heard of an amazing theme park that isgoing to bebuilt in central Zimbabwe. Y ou decideto gothere
for an extended senior trip, figuring that if you start walking when they hand you your diploma, you
will get to the park just when it opens.

Tad: Okay, that’sapretty ludicrous story, but I'll play along. Of course, my friendsand | will need
to do some swimming during our journey.

Willie: True. So, with your first step or as you backstroke across the Atlantic, you are traveling to
the theme park, right?

Tad: Yeah, sure.

Willie: Well, the theme park doesn’t exist. So you are traveling to aplace that doesn't exist. If that
isthe case, then one of your premisesis false, and your argument is unsound.

Rufus begins to smile a bit.

Dr. Rufus: Hang on a second, Willie. | think you' ve tricked Tad with alittle word play. Sure, the
theme park in central Zimbabwe doesn’t exist yet, but the location where it will be exists. So, Tad
and hisfriends aren’t really traveling to a place that doesn’t exist.

Willie: Okay, I'll concede that my example has that flaw, but think about the expanding universe
again. Suppose our universe expanded by creating new spatial locations. You could takeatripto a
“place” not currently in the universe, and so somewherethat doesn’t exist. However, by thetimeyou
got there, it will bein the universe and so will exist.

Tad: | still don’t follow. If yesterday doesn’t exist, then | can’t travel there. If tomorrow doesn’t
exist, then | can’'t travel there. It would be like meeting the Boogieman or traveling to the Fountain
of Youth.

Willie: The difference is that the future will exist and the past did exist. The Boogieman and the
Fountain of Y outh never existed and never will exist. Y ou can betraveling to aspatial or atemporal
destination that doesn’t exist; you just can’t arrive at that destination until it exists. When you're
traveling to some time or place, you're engaging in traveling behavior; you needn’t be arriving
anywhere though.

Tad: Yes. But to redlly be time traveling, wouldn't you have to arrive at some non-present time,
which presentists deny?

Willie: 1 don’t think so, Tad. Think about this. Some traveler enters a time machine now and will
arrive at some destination in 2010. The presentist should be fine with such a case.
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Tad: Something' sstill screwy. This*will arrive’ business bothers me. It can’t betrueif presentism
holds. Until your traveler arrives at a destination in 2010, it isn’t true that she will arrive at that
destination. So, how can anyone now be time traveling.

The server clears and offers coffee. His offer is eagerly accepted.

Willie: Sometimes our present-tense statements require for their truth that certain sorts of other
situations will (or did) happen. If our waiter is now placing arsenic in your coffee, isn't he now
committing amurder even though for that to betrueit must also betruethat you will drink the coffee
and die as aresult? To be time traveling (now), you must be engaging in some sort of “traveling”
behavior that will cause or did cause a certain sort of “arrival” event.

The coffee arrives. Tad looks his over carefully with a worried expression on his face.

Dr. Rufus: I'd like to cut in for a moment. Willie, it might be helpful if you could show how a
popular time-travel story fits with presentism, especially given that these stories often have an
eternalist fedl to them.

Willie: Well, if oneof youwill outline oneof your favoritetime-travel plots, I’ ll demonstrateto you
how the same story can be told in away that is consistent with the presentist view.

Tad: All right, Star Trek IV. Kirk and the Enterprise crew travel back 300 years to Earth, interact
with people, find two humpback whales and then take those whal es back to the twenty-third century
to stop an alien probe from destroying the Earth.

Willie: Very good, | don’t remember any obvious contradictions in that one. Now remember, we
said that presentists don’t deny past- and future-tensed truths. So, suppose its two days after the
Enterprisecrew picked up thewhales(sometimeinthe 1980's). Also, supposethat presentismistrue.
Then there was a ship that picked up two whales two days ago. In 300 years, that ship will appear
near Earth, crash, and release two whales. And...

Dr. Rufus: | seethe point. All you haveto do is express the elements of the story in different tenses
to makeit fit with presentism. So it looks like a presentist world wouldn’t ban time travel after all.

Tad: Hang on a second Professor; | just thought of something else. Maybe the part of my objection
about not having anywhereto go isdead, but | still think there is disagreement between presentism
and thetime-travel hypothesis. Willie, what about the causation our particle must beinvolved in if
itistimetraveling?

Willie: Admittedly, there must be some strange causation going onto have atime-traveling particle.
No matter which view, presentism or eternalism, is correct, backward causation is remarkable.
However, | do propose that the type of causation we' re worried about here doesn’t raise any special
issues for presentism.
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Dr. Rufus: Surely if only the present exists you can't have things from different times causing
events. The causation must occur in the present.

Willie: Y ou haveto remember that causation is not an event. It isarelation between events. It does
not take place at atime. Of course, there are countless examples of causal relationships between
present and non-present things. For example, the Big Bang caused the Earth to have the orbit it now
has. Many of thethingswe do today will have effectsin thefuture. If presentismistrue, then it must
explain how nonexistent things can be part of a causal relationship. It must do that regardless of
whether time travel is possible.

Tad: | see what you mean. The apparent discrepancy between presentism and causation is not
limited to issues of time travel, so it doesn’t really help us determine whether time travel and
presentism are compatible.

Dr. Rufus: | worry about presentism for scientific reasons. But we needn’t get into that now.
Willie: No, go ahead.

Dr. Rufus: What worries meisthat presentism seemsto presume an absol ute frame of referenceto
distinguish what isreal. The present seemsto consist of all and only events simultaneous with one
particular observer-independent frame of reference. Thislooks to be quite a departure from specia
relativity. Specia relativity’ shallmark isthe notion of observer dependencewithregardtotime. The
1975 case we talked about supported the theory, and there are numerous other examples. If thisis
right, presentism hasto be false.

Willie: Yes, that does seem to be the crux of the matter regarding the truth of presentism, and | am
certainly not prepared to defend presentism. Still, | am not sure that this is a distinctive problem
either. Lots of our ordinary ways of talking about time, length, and motion look to be at odds with
thelawsof special relativity. Just asthese ordinary ways of talking haveto bereinterpreted or altered
to accurately describe theworld, so maybe doesthe presentist thesis. Maybe, when apresentist says,
‘Only present things exist’ his clam would have to be understood as relative to his frame of
reference. | don’t know.

Dr. Rufus: Once again, this philosophical discussionisall well and good, but it can never do more
than tell us whether it islogically possible that the particle is time traveling. It's up to science to
show whether it isreal or not. So, let’ s table the discussionsfor awhile, until we have some datato
back up our ideas. With any luck, and some computer wizardry from Willie, we'll make some
progress tomorrow.



FRIDAY

At 7:00 in the morning, Rufus and Willie are sitting at the computer console with cups of coffee,
intently discussing something. Tad enters the room and joins them.

Tad: Wow! | thought | was getting an early start!
Rufus [looksup]: Oh, Tad. | didn’t hear you come in. Come join our stimulating conversation.

Tad [heading towar ds coffee pot and yawning]: | think | need to have some stimulating caffeine
before | have any stimulating conversation. [ Sees empty coffee pot] Hey! Don’t you know that the
first onein is supposed to make the coffee?

Willie [dryly]: I did.

Tad looks again at empty coffee pot and then back over at Willie. Willie holds up his mug for Tad
to see and tipsit upside down to make his point.

Tad: Uh oh. What does that much caffeine do to a philosopher?

Willie: Hey, if the Department of Energy wants this work done, they’ll have to loan me some of
their energy. Y ou can make the next pot. | think | saw some decaf in the cabinet.

Tad[mockhorror]: Decaf?! [ Shakeshead sadly, wondering if heand Professor Rufus could survive
the day on decaf as he starts a fresh pot] So is that the program that turns off the glitch if two
particles appear in the chamber?

Dr. Rufus: No, it isn’'t. Willie has been trying to sell me on some new ideas for variations on the
experiment.

Willie: | wrote the program that deactivates the glitch if two particles are present yesterday, while
the two of you were at your conference. The program that is running right now isin a way the
opposite of that program. Instead of turning the glitch off when the second psi-lepton appears, this
new program does not turn on the glitch until the second particle appears.

Tad: Wait a minute. Let me make sure | have this straight. The glitch is off initialy, but if two
particles appear in the chamber, the program will turn on the glitch.

Dr. Rufus; Yes.

Tad: Why are we bothering to run this program at al? | think it’s pretty obvious what will happen.
Whether or not your time-travel hypothesisis correct, if the glitch isturned off, then the chances of
the second particle spontaneously appearing are virtualy zero. It will look exactly like the trial
without the glitch that we ran on Monday; the psi-lepton will just decay normally.
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Dr. Rufus: Maybe, maybe not. We thought we knew what our datawould look likethefirst timewe
isolated the psi-lepton, but we were certainly wrong then! In order to approach this problem
scientifically, we need hard data, not speculation. Our knowledge of the psi-lepton’s behavior is

based amost entirely upon theory, and this glitch throws another unpredictable factor into the
equation. | realy don’t think we can assume anything at this point.

Willie: Besides, | don't think the outcome is as obvious as you believeit is, Tad.
Tad: What else could happen?
Willie [punching a few keys]: Well, let’s find out!

Tad starts the particle accelerator. All three gather around the computer screen.

6

0% 1 2 3 4 5 6

Rufus [dlightly amused]: Well, Tad, that’s why we should never assume that we know what the
outcome of an experiment will be.

Tad: [Walks over to the printer, picks up graph and scrutinizesit] How isthis possible? This data
looksjust like all of the other trialsin which the glitch was turned on.

Dr. Rufus: So the second particleturned on theglitch that caused the second particlethat caused the
glitch and so on.
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Tad: That shouldn’t havehappened evenif thetime-travel hypothesisistrue. Whenthe programwas
started, therewasno glitch. No glitch meansno second particle. Therefore, unlessthisjust happened
to be the one-in-800-bazillion times that a psi-lepton spontaneously appeared in the chamber, the
experiment should have gone just like Trial 46.

Willie: Yes, that is one outcome that would have been consistent with our hypothesis. However, |
believe that the actual results are consistent as well.

Tad: How canyou say that? The second particleisclearly present in theseresults. According to your
theory, the second particle should not appear unless the glitch causes it. However, the glitch was
turned off in this program, so there was nothing to cause the second particle.

Williee Not necessarily. Consider this. The second anomalous particle appeared, causing my
program to activate the glitch. The glitch then caused the psi-lepton to change its temporal
orientation, thus appearing at the earlier time. The graph would look like the graph that you just
printed out.

Tad: But there was nothing to cause the second particle.

Willie: Yes, therewas. The glitch caused it.

Tad: But the glitch was turned off.

Willie: The glitch was initially turned off, but the second particle turned it on.

Tad: But the second particle shouldn’t have been there!

Willie: Well, it was. Look at that graph that you' re holding.

Tad: But there was nothing to cause the second particle.

Willie: The glitch caused it.

Tad: But-

Dr. Rufus: Guys, you're going around in circles.

Willie: Exactly. We'retalking about a causal 1oop here. Each event is among its own causes.

Tad: But what caused the loop itself? There is no reason that we should have this particle-glitch
causal loop rather than no loop at all.

Willie: Isthat realy true? Y ou could say that starting up the accelerator caused the loop; if you
hadn’t started the machine, then this causal loop wouldn’t have occurred.
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Tad [pauses]: Well, | suppose you're right, but that wasn't really what | was getting at. Once the
experiment started, there must have been something...some conditions that |ed to the occurrence of
the loop rather than to the ordinary decay of asingle particle.

Willie: Well, you know, not all eventsare completely determined by initial conditionsand thelaws
of nature alone. Quantum mechanics, for example, isinherently indeterministic. Even if you know
the state of the universe and the laws of nature, you cannot predict future events with absolute
certainty. All you can say is that there is a certain probability that each outcome of an event will
occur.

Tad: Maybe we can only express these outcomes in terms of probability because we' re missing
some information that would tell usfor sure which outcome would occur.

Willie [shaking his head]: Maybe. However, according to the standard interpretation of quantum
mechanics, the reason we have to use probability isn’t because we don’t have enough information;
it’s because events do not follow necessarily from initial conditions and natural laws. The universe
is genuinely chancy. Even if you knew everything about the universe, you still could not say what
would happen in the future with absolute certainty. Y ou seem to be advocating determinism, Tad.
Determinism states that the laws of nature and the state of the universe at any one time completely
necessitate the state of the universe at all future times.

Dr. Rufus. Soif determinism is true, then it is possible to predict the outcome to any event with
absolute certainty. With determinism, if we have to use probabilities, it is only because we are
missing some relevant information, as Tad was saying a minute ago.

Willie: Exactly. However, even if the universeis deterministic, it does not follow that everything
has a cause.

Tad: It doesn't?

Willie: It appearsthat way at first glance. However, you could haveauniversein which determinism
was true but not every event had a cause. For instance, the origin of the universe could be some
“uncaused cause,” but from every point then on, determinism could hold true.

Dr. Rufus: Besidesthat, determinism doesn’t seem to explain what caused the laws of natureto be
the way they are.

Tad: I'm still not sure that I'm convinced. It seemsto methat all of the relevant initial conditions
were the same as they were in the other trials without the glitch. The laws of nature certainly didn’t
change, so why was thistrial different than Trial 46?

Willie: How can you say that the initial conditions were the same? The computer was running a
different program.
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Tad: The glitch was turned off initially, so | don’t see how that makes any difference.

Willie: Still, you can’'t deny that the initial conditions were not exactly the same. Besides, if we're
considering backwards causation, different later conditions might be more important that different
initial conditions.

Tad: Well, | till don’t think it should be any different. On the other hand, if indeterminism istrue,
and wethink about thisintermsof probability, then the chance of asecond psi-lepton spontaneously
appearing is on the order of 10%%, or essentially zero.

Willie: | think that part of the problem is that we' re used to thinking about causes and effectsin a
linear fashion. Normally, causes are independent variables, and effects are dependent variables. If
we manipulate the frequency of our cause, we can manipulate the frequency of our effect. For
example, if my throwing a baseball at a window causes the window to break, | can break more
windows if | throw more baseballs at windows.

Dr. Rufus: But in our causal loop, every event is both a cause and an effect.

Willie: Exactly. | don’t think any event in our loop really fits our definition of a ‘cause’ or an
‘effect.” Therefore, | don’t think we should try to identify the ‘ cause’ of our loop in the terms of the
ordinary, linear relationships that we are used to dealing with.

Tad: Well, I'm sorry, but if | am too linear, then you are downright loopy!

Dr. Rufus: Right now, | think we ought to try our other program. | believe thistrial will really be
the one to give clear evidence for or against our time-travel hypothesis. We have all thetimein the
world for data analysis and philosophical speculation.

Tad: [sarcastically] Yes, especialy if we can timetravel!

Willie: I"'m uploading the program now.

Tad: | still don't think causal loops make sense. They make al sorts of ridiculous situations
possible.

Willie: Such as?

Tad: Wdll, | once saw thismovie called...um...Somewherein Time, | think.

Dr. Rufus: You think?

Tad: Weéll, | wasn't very interested in it. It was kind of romantic and stuff, and well, it wasn’t

Terminator. Anyway, | do remember that there was a young man, a playwright, | think, who was
visited by an old lady in the 1970's, and the woman gave him a watch and then left, saying only,
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“Comeback to me.” Severa yearslater, he saw an old picturein ahotel of abeautiful young actress
that fascinated him. He did some research and found a picture of that actress as an older lady, and
he realized that it was the same woman who had given him the watch. Unfortunately, she had died
on the same night that she visited him. After talking to a professor who had written a book about
how to time travel by hypnotizing yourself, he went back in time to 1920. Once there, he found the
young actress, and they fell in love. Before returning to the 1970's, he gave her the watch that she,
as the old woman, had given him. As aresult, the history of this watch formed a complete loop.

Willie: What's wrong with that? It sounds to me like the watch had a complete, consistent causal
history. The man gaveit to the actressin 1920. She carried it with her until 1970 and then gaveit to
him. He then returned to 1920 and gave it to the actress.

Tad: What do you mean, what’s wrong with that? Nobody ever made the watch!

Willie: So?

Tad: Sothat’simpossible! Watches don't just appear out of thin air!

Willie: Actually, intheory, objectslikethat watch, called jinn, are possible, though highly unlikely.
Correct meif I’'mwrong, Professor, but guantum mechanics saysthat it is possible for macroscopic
objects to spontaneously appear.

Dr.Rufus: Yes,it’spossible, if you haveenough energy. Asyou said, it’ sjust extremely improbable.
Willie: Sojinnarepossible. However, thelarger they are, thelesslikely they areto exist. Something
as big as that watch would probably just be redly, redly, really unlikely, instead of only really
unlikely!

Tad: Thereisstill another problem with thesejinn. In order for the story to be consistent, the watch
would have to be exactly the same when the actress “first” received the watch and when the man
took the watch back in time and gave it to her “again,” right?

Willie: Absolutely.

Tad: If that’strue, then the watch wouldn’'t be ableto age at all. The actress carried around for fifty
years or so. Even if you assume the watch didn’t rust or get dropped or scratched or something that
would change its actual appearance, its entropy is still going increase over that time.

Willie: Well, I’ vedone alittle bit of reading about jinn, and philosophers do acknowledge that the
outside world must expend energy to return ajinni to its original state. | don’t really understand it

myself, but | can recommend some books if you' re interested. Ah, the program is ready to go!

Tad: | still maintain there’ s not really any need to run this program.
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Willie [amused]: What? Are you scared that you'll be proven wrong if we run thistrial ?

Tad: No. There is no doubt in my mind that | will be proven right. I’m just trying to save some
money for the Department of Energy. If we canturn off the glitch after the appearance of the second
particle that was caused by the glitch, which we surely can, then we would obviously end up with
acontradiction. That means that backwards causation isimpossible, just as| have said al aong.

Rufus[laughing]: Areyou asconfident about your predictions about thistrial asyou were about the
last trial?

Willie: Hey, we might all be surprised by the results. Tad, are you ready?
Tad: Hereit goes!
Everyone watches the computer screen intently.

Willie [startled]: Whatever that was, it definitely wasn't expected!

Rufus [retrieves and studies printout]: This spike is from the energy residuals that we spoke of
earlier, the ones whose absence was puzzling us. The second particle appeared, just asit did in al
of the other trials with the glitch, but this time, it appears that the two particles smply annihilated
each other.
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Tad: Well, I'm glad that weran thistrial and saw theresiduals, but, as| expected, it looks asthough
thetime-travel hypothesisisshot. If the*second particle’” wasreadlly thefirst onetraveling backward
intime, thenit wouldn’t have been ableto collidewiththe“first particle.” We' re back to thedrawing
board.

Dr. Rufus: Well, that’s assuming that the program ran as intended. Willie?

Willie [typing]: | can't imagine that it didn’t work. Based on the previous trial, the computer is
obviously able to turn the glitch on or off in the interval of only a couple of nanoseconds. [ Pauses
for a second] Y es, the self-diagnostic log shows that the glitch was turned off.

Slence for a few minutes.

Willie: | guess one possibility that we never really thought about was that both the second particle
and the glitch could have been caused by some third event. Just because flowers bloom and geese
fly north in the spring doesn’t mean that one of those events caused the other; they are correlated
because they are both caused by warmer wesather.

Tad: But that still doesn’t explain why there were never any energy residuals until now.

Williee What if some third factor was causing the second particle, and the glitch was causing the
particles not to annihilate each other?

Dr. Rufus: Wéll, if the glitch wasn’'t causing the second particle, why didn’t the second particle
appear in Trial 46, when the glitch was never in place? For that matter, why did both particlessimply

disappear?

Willie [shaking his head]: | can't think straight about this. It's practically impossible to draw any
conclusions without knowing exactly what that glitchis.

Dr. Rufus: | don’'t want you digging around in my hard drive yet! Before we risk altering our
experimental setup, we need to run more repetitions of the programs that we already have and to
develop more variations on our experiment. | firmly believe that with more data, this mystery will
become clearer, and perhaps we will get some new ideas or some supportive evidence for our
original idea.

Tad: You mean the time-travel hypothesis?

Dr. Rufus: Absolutely. The psi-lepton obviously was not time traveling in this last trial, but that
does not necessarily mean that it wasn't doing so in the other trials with the glitch!

Willie: | hadn’t thought about that. | suppose the conditions in this most recent trial were different
enough from the origina program with the glitch that that could be the case.
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Dr. Rufus. After we have gathered as much information as possible about how our psi-lepton
responds to different programs and if it behaves consistently in multiple repetitions of the same
program, thenwe'll investigatetheglitchitself. So, Willie, | hopeyou’ ve enjoyed writing these new
programs, becauseif you don’t mind hanging around here, then you’ Il be creating alot more of them.
I’ ve aready thought of several more variations on the program that we could try.
Willie: 1 wouldn’t missit for the world!
Dr. Rufus: Tad, I'd likefor you to work on away to “tag” our original psi-lepton particle. If we can
do that, maybe we can establish with more certainty whether or not our second particleisthe same
particle asthe first one.
Tad [nodding]: That's agood idea. We should have thought about that earlier.

Dr. Rufus: For right now, let’s run our programs several more times, and we'll seeif we get the
same results.

Willie[grinning]: Sounds like today’ s going to be along day, Tad!

Tad [laughing as he starts the accelerator]: Knowing the Professor, | can promise you that we're
only getting started!

Willie: I'll put on afresh pot of coffee.
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NOTES

Monday identifies issues raised in popular time-travel movies, touching briefly on the infamous
grandfather paradox. The movies mentioned are:

Back to the Future. Dir. Robert Zemeckis. Universal, 1985.
The Terminator. Dir. James Cameron. Orion, 1984
Terminator 2: Judgement Day. Dir. James Cameron. Tristar, 1991.

Tuesday explores issues about identity-over-time and how they connect to the possibility of
continuous time travel. The importance of an object’s causal history to its identity is discussed in
Sydney Shoemaker’s (1984) Identity, Cause, and Mind, Cambridge: Cambridge University Press
and Chris Swoyer’s (1984) “ Causation and Identity” Midwest Studies in Philosophy 9, 593-622.

W ednesday raisesissuesdealing with the puzzling nature of backwards causation. It beginslooking
at how backwards causation can ever exist and addressesfree-will concerns. Somesimilar issuesare
addressed in David Lewis (1976) “The Paradoxes of Time Travel” American Philosophical
Quarterly 13, 145-152; Michael Dummett (1964) “Bringing About the Past” Philosophical Review
10, 338-359; and Gilbert Ryle (1954) Dilemmas (Cambridge: Cambridge University Press), pp. 15-
35. All three of these papers appear in (1987) Puzzes, Paradoxes, and Problems (New York: St.
Martin’ sPress). Thischapter al so exploresissues concerning backwards causation by analyzing the
bilking argument within the context of Professor Rufus's experiment. This has been cited many
times in philosophical writings. Examplesinclude: Evan Fales (1990) Causation and Universals
(London: Routledge), p. 134; Paul Horwich (1995) “ Closed Causal Chains’ in Time' sArrow Today,
S. Savitt (ed.) (Cambridge: Cambridge University Press), p. 259-267; and Anthony Flew (1954)
“Can an Effect Precede its Cause?’ Proceedings of the Aristotelian Society 28, 45-62. Movie
discussed:

12 Monkeys. Dir. Terry Gilliam. Universal Pictures, 1995.

Thursday focuses on presentism as the source of an objection to the possibility of timetravel. The
argument Tad givesis adapted from Simon Keller and Michagl Nelson (2000) “ Presentists Should
Believein Time-Travel” Australian Journal of Philosophy 79, 333-345. Willi€e' s relativization-of-
tense reworking of time-travel plots is dso examined in this paper. The two-clocks experiment
mentioned by Professor Rufus is a genuine experiment and is described, among other places, on
http://www.timetravelinstitute.com/article tti.php?2734. Some of Professor Rufus's remarks are
derived from Ted Sider’ s(2002) Four Dimensionalism: An Ontology of Persistenceand Time(New
York: Oxford University Press, Inc. 11-52.). Movie discussed:
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Sar Trek IV: The Voyage Home. Dir. Leonard Nimoy. Paramount, 1986.

Friday delvesinto puzzling questions surrounding causal |oops and their explanations. Chapter 12
of D. H. Mdlor s book Real Time Il offers a highly technical argument against the possibility of
these causal loops. Phil Dowe respondsto this argument in “ Causal Loops and the Independence of
Causal Facts,” publishedin 2001 and foundin Proceedingsof the Philosophy of Science Association
68, pages S89-S97. The example of ajinni was drawn from the movie:

Somewherein Time. Dir. Jeannot Szwarc. Universal Studios, 1980.

A discussion of these mysterious objects, which was used in writing this dialogue, can befound in
Gott (2001) Time-Travel in Einstein’s Universe (Boston: Houghton Mifflin), p. 20-24.



