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Speaker 1:	00:00	All right, here we go.
Tracey:	00:03	Hello and welcome to NC State's Audio Abstract. I'm your host Tracey Peake. If the big bang heralded the beginning of the universe, what could bring about its end? We're speaking today with Katie Mack, assistant professor of physics here at NC State and author of a new book entitled The End Of Everything, about how the universe might end, what that might look like and how astrophysicists figure out these scenarios in the first place. Hello Katie, how are you?
Katie Mack:	00:03	I'm good. How are you doing?
Tracey:	00:35	I'm doing great. Let's start with some background. You're a cosmologist and a theoretical astrophysicist. So what drew you to this field, first of all, and how do you go about studying things we can't actually see like nuclear particles and gravity?
Katie Mack:	00:55	So I've been interested in space and physics since as long as I can remember. When I was a little kid, I was always trying to take things apart and put them back together to figure out how they worked. And at some point, I started reading about black holes and the big bang and space-time and all that. And I thought that was amazing. I wanted to know how that worked too. And I figured out that the people who study that are called cosmologists and I figured, "Okay, that's what I want to do in my career." And so I studied physics and astrophysics and ended up working in theoretical cosmology.
Tracey:	01:34	So for lay people, when you think of theoretical cosmology, what that kind of boils down to in a lot of ways is math, right?
Katie Mack:	01:48	Yeah. Yeah. So mathematics is what we use to kind of make models of the universe. In the sense of, we take data about how things work, how planets move around stars, how particles interact when they collide with each other in experiments, all of that. And we create mathematical kind of maps to talk about how that all works. And we use equations to describe those interactions, to describe what's happening. And that allows us to make a sort of picture of all this in a mathematical structure. And then that allows us to make predictions about what will happen if we do the experiment again, or if we do another observation. And as long as the mathematical models we put together still fit the data, fit all the data we take, then we figure that's a pretty good model. And that's why we use math in these scenarios, because it's something that seems to work. It's something that can be used to make predictions, to describe what we see. And it seems that the way the universe works fits pretty well with the kind of mathematical structures that we can write down in our equations. So it's a useful tool really, to describe what we see in the universe.
Tracey:	03:10	It's kind of hard to run, I guess, a real time simulation of the universe. That's not really a thing.
Katie Mack:	03:20	Yeah. but we can use simulations to explain what we see in the cosmos. So we can do a simulation where we tell a computer we have a certain number of particles in a certain amount of space and they're moving in a particular way and they have gravity and we can let those particles come together and create galaxies and so on in the computer. And then compare that to what we see in the sky, and find out if we're sort of on the right track with our mathematical models. And that's how we refine these things. And when it comes to things that we can't see, you mentioned nuclear particles and so on, what we can do is, we can use mathematical structures to describe how these particles are interacting and then figure out, okay if that were happening, what would the interactions with our experiments look like? What kind of data would we get? And then, that way we can test our models of what's happening below the surface, where we can't see it.
Tracey:	04:11	So now that we know we can make sort of models about how the universe works and test them, so that we know that our math is kind of the right math, is the universe's demise  inevitable?
Katie Mack:	04:30	Well, this is something that I've been looking into a lot since working on this book. And just since being curious about the universe in general, one of the things we really see very clearly in our observations of the universe is that it's changing. We know that the universe is expanding, that galaxies are getting farther apart from each other all the time, the empty space in the universe is getting bigger. And we can look far into the distance of the universe and see what it looked like when it was younger. Because when we look far away, we're looking back in time. So we can see what was happening billions of years of the past in the universe. And we can see that the universe was hotter and denser and smaller in the past.
		And they had this big bang, this event where the universe went from being a hot, dense space, to being the sort of expanding universe we see today. And so the thing we learned from that is that the universe is evolving, is changing. And as we follow that evolution into the future, it sort of necessarily leads to a situation where everything that we know about the universe, all the things in the universe are kind of in some way going to end up sort of falling apart, or decaying away in the very, very far distant future. I mean, right now our universe is kind of very habitable sort of place. We have stars forming. We have galaxies interacting with each other, making new stars, but in the far future if the universe keeps expanding the way we see it expanding now, then those processes will slow down. There'll be fewer stars. And then fewer structures kind of in the universe in general.
		And there are a few possibilities for what can happen as that carries forward. And there are some very dramatic possibilities for how the universe might end, but there's really no serious suggestion in the cosmological literature that everything will just kind of carry on just fine as it is now. The universe is changing, is evolving and it's evolving into someplace that's going to be more and more diffuse, and less and less capable of harboring structures like what we see out there now. And so there are various possibilities for what could happen next, but a kind of steady state universe was really ruled out early on in the '60s and '70s.
Tracey:	07:04	Well, as a citizen of the universe, that's kind of a bummer.
Katie Mack:	07:08	Yeah. Well, we've got to make the most of the time we have, right?
Tracey:	07:13	Hopefully that's billions of years, right? So in your book, you outlined five potential universe ending scenarios.
Katie Mack:	07:22	Yes.
Tracey:	07:22	So of those five ways the universe can end, which one is your favorite?
Katie Mack:	07:28	So I should make a distinction between my favorite and the one I think is most likely, because the one that's most likely is what we call the heat death. That's the one where the universe just keeps expanding and expanding, and things get farther away from each other and stars stop forming, and everything kind of fades into black basically. The universe sort of decays away into this cold, dark, empty space. That seems to be the most likely based on the data we have now on how we think about the equations and so on. But it's not the most exciting. A lot of people think it's a little bit depressing, this idea that the universe just kind of fades away.
		The one that I think is the most interesting is called vacuum decay. And that's where basically you can have a kind of quantum event happen somewhere in the universe. And that event will create a bubble of a different kind of space. And that bubble can expand out at the speed of light and destroy everything in the cosmos. Now there's some subtleties as to why that could happen and how that could happen. It's very unlikely to happen anytime soon, if it were going to happen, and we're still not at all convinced that it can. But there are certain pieces of the data that sort of point in the direction that our universe is not entirely stable. And it has this instability built in, where that kind of bubble of this new kind of space, what we call a true vacuum, could form and could sort of expand and destroy everything.
		And so the idea of this very sudden, very violent event is kind of fun to think about. As somebody who studies things that generally happen over time scales of billions of years, the idea that you can have this bubble form and expand at the speed of light and just destroy everything, is an exciting prospect, as much as it's also a very destructive one. But I should emphasize that even if that's possible, we think that it wouldn't be something that would happen for so many trillions of years that it's not even worth thinking about. But it is, as a physicist, worth doing calculations about. And so that's some of the work that I've been doing recently has looked at that possibility, and what we can learn about physics and about cosmology, by thinking about the possibility that the universe could be unstable to this sort of decay process.
Tracey:	10:02	That would be such a bummer. I mean...
Katie Mack:	10:04	You wouldn't notice it though. You wouldn't see it coming because if it happens at the speed of light, you can't see it approach. So you don't see it coming. You don't feel it because your nerve impulses don't travel that fast. So even if the bubble hits you, you don't know. So in some ways it kind of doesn't matter, because nobody knows it happens if it does. And it's a very humane process in that sense.
Tracey:	10:27	Universe euthanasia. Yeah. In some ways it's even worse though. You just wink out. 
Katie Mack:	10:36	I mean, it's like, I don't know, people have different opinions about which of these are most or least pleasant to think about.
Tracey:	10:46	So a long slow, sad process or boom, done. People like to have doomsday scenario timelines, right?
Katie Mack:	10:58	Yeah.
Tracey:	10:58	So all of these scenarios you're describing are like how far in the future do they think that will happen?
Katie Mack:	11:14	Well, so it depends. So in the book I talk about five different possibilities. The heat death is kind of the farthest into the future one, because really, I mean it depends on how exactly you define heat death ultimately, because there's a sort of final state where the universe just totally decays into waste heat and there's really no structure left at all. And that process takes so long that we don't really have words to describe it. Even mathematically, it's hard to put enough exponents on what you're talking about to get to that number of years. But in the process of the heat death, there are a number of things that happen, like in 100 billion years, everything is so far away from everything else that we don't see other galaxies in our sky anymore. And you know, after a few hundred billion years, most of the stars are going to be dead and there aren't going to be new ones forming.
		And so, you have these various degrees, these processes. After 10 to the 60 something years, the black holes that we know about in our sort of local space are going to evaporate away. And then maybe 10 to the 40 something years, that's the minimum lifetime of protons so that the particles would be decaying already by that time. So there are a number of sort of milestones you can write down, but we're talking about numbers that are so big that we don't really have a concept of them. But there are other possibilities that could be in principle sooner. So one of the things I talk about in the book is the big rip, which is this possibility that instead of the kind of gentle expansion we have now that is speeding up, but really just moving things apart from each other, not messing with things that are already sort of bound structures like galaxies. The big rip proposes a different kind of dark energy, where dark energy is what's making the universe expand faster, and this dark energy would be able to rip galaxies apart, rip solar systems apart.
		And we think that's probably not what's going to happen, but we can put a minimum life span on the universe if we assume that that's where we're headed, and we get something like around 200 billion years, at least, before that could possibly happen. So there's still a reasonable amount of time, right? There's still... Already by then stars are dying out. There's not a whole lot going on. And then there are a couple of other scenarios where, because they're sort of less studied or less favored, we don't have such strict time scales on them.
		So there's the big crunch, which we think is very unlikely to happen, where the expansion of the universe would turn around. Everything would smash back together, and we can't come up with any mechanism where that would happen within tens of billions of years. But we also don't think it's going to happen at all. So timescales on that are a little bit complicated. And then with bouncing cosmology scenarios, where you go kind of big crunch, big bang, or colliding universes or various things like that, those all depend on which scenario you're talking about. And again, the timescales on that are also a little fuzzy. But in general, we're talking many billions of years. And even with vacuum decay, even though it could technically happen at any moment based on the mathematics, estimates of the time scale on that are like 10 to the 100 years. So we still have a lot of time for that one too.
Tracey:	14:45	So in other words, continue to fund your retirement plans.
Katie Mack:	14:49	Yeah, yeah, yeah. You still got to take out the trash, even though the universe is going to end someday.
Tracey:	14:55	That's good to know. I'm also really a fan of the terms for all of these cataclysmic scenarios. The big crunch.
Katie Mack:	15:06	Yeah. Astronomers, we don't usually come up with fancy names for things.
Tracey:	15:10	Yeah. I like it though. It's simple. It's direct. You kind of know what's going to happen. You can visualize this.
Katie Mack:	15:16	Yep.
Tracey:	15:18	What is the coolest thing you know about the universe?
Katie Mack:	15:23	I think the coolest thing about the universe is that we can see its beginning, so we can see the big bang. When we look out into the universe and we look at a distant galaxy, we're looking at the universe as it was when it was younger, because we're looking at something that's so far away, the light took a long time to get to us. And if we look beyond those distant galaxies, if we look far enough away, we can look at parts of the universe that are about 13.8 billion years into the past. Right? So from our perspective, like the light has taken 13.8 billion years to get to us. So we see them as they were in the very first million years of the universe. And we can see light from the time when the whole universe was this sort of cosmic fireball state, when it was this hot dense state of the big bang where the space itself was filled with this hot plasma and everywhere in the universe...
		And during the big bang, the whole universe was hot and dense. It wasn't like a single point. It was everywhere in the universe was hot and dense, and it's filled with this glowing plasma. And then after a while, the universe expanded and that plasma cooled down. But we can see parts of the universe that are so far away that from our perspective, they are still on fire. And so when we look out into the cosmos, we see this background light coming from the most distant reaches of the universe. And that background light is the fading of that cosmic fire from the very, very first moments. I mean, it's lasted for 180,000 years, which is a tiny amount of time in the history of the universe. So we can see that from the first 380,000 years of the cosmos.
		And so, we see that light from the very beginning, the sort of afterglow of the big bang. And we can use that to study how the conditions for galaxies and clusters of galaxies and so on were set up. We can see that there are little fluctuations in that background light. And those little fluctuations were little places where there's a little bit more density here in that sort of roiling, cosmic fire, and a little bit less density over there. And the places where there's more density, those are the places where you eventually get galaxies forming. And the places with less density, that's where you get voids forming. We can actually put the observations we see from this background light into computers and run that evolution forward and end up with the universe like what we see today, with galaxies distributed across the sky.
		And I think that's amazing. I think that's the coolest thing I know about the universe, that we can see the past very directly. We see it because we're looking into the past and we look into the distant cosmos. We see the last stages of the big bang, and we can calculate exactly what that means for the evolution of the cosmos. And it matches what we see in the sky.
Tracey:	18:17	That is the coolest thing, it's the closest thing we have done at a time machine, I guess.
Katie Mack:	18:23	Yeah, absolutely. Yeah. And then we can learn about what the universe is made of from that and how it's going to evolve over time, and all of this information we get from being able to look at the past directly.
Tracey:	18:36	That is amazing. That really is.
Katie Mack:	18:38	Yeah.
Tracey:	18:39	Well, Katie, thank you so much for being here with us today. 
Tracey:	18:44	It's been great. 
Katie Mack:	18:46	Yeah. It's always great to talk about the end of the universe.
[bookmark: _GoBack]Tracey:	18:53	We've been speaking today with Katie Mack, an assistant professor of physics here at NC State. This has been Audio Abstract. I'm your host, Tracey Peake. Thank you so much for listening.
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