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Dan Seed (00:00):
Hello and welcome to Big Ideas, a podcast from Texas State University. I'm your host, Dan Seed from the School of Journalism and Mass Communication. This month we're joined by Dr. Andrea Banzatti, an assistant professor in the physics department, and Dr. Banzatti area of expertise is planet formation, and he's about to head out this summer to conduct research using NASA's James Webb Space Telescope. Dr. Banzatti, thank you so much for joining us.
Andrea Banzatti (00:26):
Thank you.
Dan Seed (00:27):
So I've read your bio, looked at your scholarly work, but I'm not going to lie, I'm not going to pretend here that I can distill this down for our audience, even though it's all very interesting. So I'll let you do that. But first, how did you get into this field? I mean, it's so fascinating and it always interests me how people get into this exploration of space. Walk us through that. What drew you to it and then where has your career gone from that point?
Andrea Banzatti (00:53):
Thank you. Thank you for your question is always truly one of the most fascinating questions to ask to any of us. Where do you come from? How did you get into this field? And yeah, maybe the story I can say is interesting because it's not maybe the usual story or I was born and I knew that I would be an astronomer. I was not born that way.
(01:18):
So it was really an interest for astronomy and then later for plant formation that I discovered as I was going. So I studied physics and then when I was studying physics, I started being attracted to astrophysics. And maybe it's in a peculiar way. The one fact that I remember that really started pushing me in that direction was that I was with a group of fellow students friends on a weekend of study. We retreated in the country and in Italy in a beautiful place to study together to get ready for the exams. The evenings were beautiful, beautiful sky was a dark place, and so we could look at the sky and unfortunately it was a full moon night. So full moon means that you cannot see very well the stars because it's very bright. And so I went up to study about the moon and I explained that night the moon to my friends about the shape, the colors that we see, the darker spots, and also literature, how that had been addressed in literature.
(02:23):
Anyway, long story short, that night really was a step for me where after that night I thought, well, maybe I should go into astrophysics. And then I started taking astrophysics courses. And at my department there was no, so there was one strong group in Milano where I studied that was studying cosmology. And for some reason cosmology did not attract me that much. And they had some labs. They were working actually on another great space mission. It was the plank mission, so like the state of the art of cosmology. But yeah, for some reason I was not too attracted to that. And I remember I was reading a book on Earth, the Formation of Earth back then. It was a book by two American scientists, rare Earth. So this book really inspired me towards the question, where do we come from as a planet? Where is earth coming from?
(03:24):
How can earth have all the amazing aspects that work all together to make it home for us? And I was learning from that book that there are many, many aspects that make earth a rare perm, at least in our solar system. So that's where the interest for planet formation, how planets come about. So not only our own earth, but more generally planets. And then I went off to Germany for my master thesis. I was looking for a master thesis project in Milano. Now again, the only group was working on cosmology. So I was looking outside and I had this unique opportunity to work at the European Southern Observatory near Munich. And the advisor I found there offer me the opportunity to start researching on plan information from observations. And there was the second most fundamental step for me where I discovered what it means to observe with telescopes. I discovered what it means to do analysis of data taken by telescopes, and I discovered what it means to do research in plan formation. I started to discover that. And since then it has been one step after the other to deepen and deepen this attraction and this research.
Dan Seed (04:42):
And so for our audience at home, you've mentioned this idea of planet formation. How does that occur? I'm sure that different planets have different ways of formation and whatnot, or maybe not. What is it that you're looking for when you look out into space to study this?
Andrea Banzatti (05:01):
I think a useful analogy can be the following. So imagine you would like to know where you come from as a human being. You look at yourself right now, you look at the mirror and it's hard for you to build a story. So you don't see yourself as a baby, you don't see yourself as in all the steps in between being a baby and where you are right now. This is very common, a very common problem in astrophysics. So when we look in space, we cannot follow in real time how things happen, evolve, are born and die, even stars. They take way too long for our human timescales. So what can we do? Going back to that analogy, we could be a photographer who goes to a very busy piazza in Italy. Now, those centers of ancient towns where there is the cathedral and there is a big plaza where thousands of people and you take a snapshot of that plaza and you start then from the picture, and then you look with your other scientists, you look, okay, look at that.
(06:04):
So that's a little human and that's an older human. And then let's try to connect these points. Let's try to understand how things happen are born and evolve by taking a snapshot of many elements of the same class, many stars and analyze them in different stages of evolution formation. So again, this is a very common approach in astrophysics and that's what we do. Even in the case of plant formation, our solar system is already a mature solar system. We have planets that are fully formed and fully developed. We don't know, we cannot look back. No, we cannot rewind our own solar system and see how it looked like. But what we can do is to use telescopes to observe young stars where their own planetary system is still very young. In fact, it's not even there yet. It's still forming. So these young stars form surrounded enshrouded in clouds of gas and dust, and when they are in the process of forming their own planets, those clouds take the shape of a disc, of a rotating disc.
(07:13):
So there is a star, young star at the center, which is already a fully formed star, is already shining like a star and illuminating the surrounding area. But around that star, there is a dark disc of gas and dust these in rotation around the star. Now planets are formed from that dust and gas. So that's sometimes you might have heard that these are called the birthplaces, the cradles of planets and life. But there is an additional problem there. It is as if you wanted to study again a human being, but that little human being, that baby is closed in its own crib. So when you take the snapshot, you only see the crib and you cannot see inside of the crib. Similarly here, these gas and dust hide the planets that are being born to our eyes. So it's really, we have to be creative and smart and use different telescopes, different instruments to be able to enter into that disc and be able to see what's going on inside of the disc that is forming planets that eventually will look similar to a solar system like we have now for us.
Dan Seed (08:21):
That's a great analogy and one that puts it in a really good perspective that I can understand and I'm sure that our audience can as well. And I apologize if some of these questions again are basic, and I'm sure that you get this quite a bit when you talk to people, but when you're talking about a planet formation, how long does this take? Do we know? Do we have a sense or are they different? What's the, the length of time? Are we talking thousands of years, a month or what on this?
Andrea Banzatti (08:50):
Yeah, so these are millions of years to even billions. So our solar system is even older, but the stage of formation probably takes, it's still a bit uncertain but of the order of many millions, millions of years. So it's a very long process.
Dan Seed (09:08):
One would think that it would take a very long process to form a planet. But describe for us, it's difficult, right? Doing this just with audio and obviously, but put our audience in your shoes. When you look through one of these telescopes and you described what you see, but really give us that moment, what is it like when you look through the telescope and you see this happening?
Andrea Banzatti (09:32):
Let me say this. So people who are not scientists can understand this all just by thinking what happens to them when they take a little, even just a small telescope and they look at the sky. I remember when I was still a young student in Italy that I would go out with other students and observe the sky with small telescopes. And I remember the awe of even just being able to see Saturn's rings with your own eye through a small telescope. It doesn't need to be big really, but you see a.in the sky. You take even not a binocular that's not enough, but is small telescope. And you point it there and you see that it has rings and I don't know why, but I had the impression I could feel the silence of that planet orbiting very silently in the darkness around the sun.
(10:22):
So people can understand that because anybody can do this and anybody can be just shocked by suddenly seeing that the pointy, a little luminos point in the sky. It's actually not just a point, but it's a little sombrero. It's a little Lord of the rings. It's a planet with rings. Similarly, you can look at Jupiter and see the moons and you can see them moving from night to night. So even that, it's amazing. You can as if you were there and you could be flying in space and see that happening in front of you. So it is a very similar awe, but what we see is something more complex to understand. So as a scientist, when I look at the screen, and I still do that, I still wake up in the night, I open my computer and I observe with a telescope from Hawaii, and now we have this opportunity to observe remotely.
(11:15):
So that's fantastic. It's very convenient. What the data that I look at are much more hard to understand for a general public. I look at wiggles, I look at spectra, I look at the emission from molecules, from gas molecules that are orbiting around the star in the regions where planets are forming. And I try to listen to their secret. I try to listen to the story by looking at the shape of these wiggles and by analyzing them later after I take the spectra from the telescope and we reduce the data, we prepare them for science, and then there are months of work to try to extract the story that they are telling us. And that's always filled with off from the very beginning when you start to see those wiggles popping out from the screen and you see that, yes, that's there. That's something there. I'm listening to what's happening there. Yeah, probably that's the best way to describe because again, I don't expect common people to have the same art that I have in looking at that data because it's more complicated, but it's fundamentally the same art that I was describing earlier.
Dan Seed (12:22):
You painted such a vivid picture of what it's like to see this, and I wish our listeners could see your face as you describe it, because you light up with passion and joy. You really do describe it so well. The reason that we're having you on here, we've talked about telescopes, but this summer you are receiving observatory time on the James Webb space telescope, and that telescope is NASA's new flagship infrared telescope. It's designed to study exoplanets in distant galleries, and it launched on Christmas Day. It sounds so fascinating. As you've described. Why is getting this observatory time on this telescope such a big deal?
Andrea Banzatti (13:04):
It is a big deal for many reasons, and one that is personal is that I've been essentially preparing for this for 10 years. So since I was a young student and I started working in astrophysics in research, at first I was using a different technique, but as soon as I started my PhD in Switzerland with an American professor, Mike Mayer, who is now in Michigan, he pointed me to a different technique to spectroscopy in the infrared. So I remember since then, the very first spectra that I was analyzing were from the Spitzer Space Telescope, which is the younger sibling of jwst for the older, well, it comes first. So I was analyzing infrared spectra from that telescope and already the projection on my work was already pointing towards the next infrared space telescope, which is James Webb. So for me it was a big deal because you see, when someone works for many years preparing for a new instrument, for a new event, for a new something that comes up that is coming, waiting for something always makes it more precious.
(14:14):
And also it's big deal also very objectively for the fact that time on every observatory is given on a competitive way in a competitive process. So we astronomers from all over the world, they apply to use a new facility, a new observatory, like in this case James Web time is only given to a fraction of people who ask time. So it's also a big deal for us, for me and for my research group, for Texas State, for the students at Texas State to be part of the very first people in the world who will get access to data from Genes web.
Dan Seed (14:53):
I was going to say that I was looking at the list of people in one of the documents, the institutions that they represent, and to see Texas state on that list with some of these world renowned institutions in science and astrophysics is pretty amazing. How does that make you feel as a professor? I know that you're working with graduate students on this to be able to have that opportunity. You mentioned it's a culmination or a buildup that you've had your whole life or since you've been studying this, but how does it make you feel knowing that you're selected, you're taking this group of students from Texas state to work there alongside or with in the same realm as these people from these world renowned institutions?
Andrea Banzatti (15:37):
For personal reasons, I'm very, very grateful and excited that this has happened. But I should also say that my students are very, very excited. So the students in my research group, even those who are leaving, because we have students who stay for two years and then they move on, now they go to another university for their PhD or for their master. And so my current students probably will never see or they will not be with us when the data arrive and when we will analyze the data. So they are just very excited to be part of a group that has been rewarded with time with Jane Web and they are very happy to be part of the process. Part of this excitement is really for all of us, older or younger professors or students, is that we can touch the sky with our finger and we don't have to be part of a class of rich people who have access to certain things because they're rich.
(16:36):
Texas state does not have strong tradition in astrophysics. We have a small, a physics department with a small component astrophysics. So for us, it's even more exceptional. We feel even more proud of or what we have done because we are so small, like a little kid who makes a big achievement in front of the other siblings. And for the little kid, although the others, the older siblings, they know to walk know how to walk or how to speak. But for the little sibling, it's an amazing achievement to be able to be part of what others can do, those who are older and more experienced and more so that I think that's also part of the feeling of my students who understand that they are part of a team, whether it is Harvard Space Telescope, science Institute, Caltech and so on, and institutes in Europe too.
Dan Seed (17:32):
Does this, getting this observatory time, how does this build the program?
Andrea Banzatti (17:39):
Yeah, the short answer is we'll see, but I know that people have noticed us, and so I think this is now clearly, I know that I brought expertise now to Texas State and that's why I think I was hired. I think other institutes, other groups are noticing us now and that's good, but not just in a sense that we want to be seen or to be strong. I think it's also in terms of on the one hand involving students from here in a big project that is not only national, but international, but also, yeah, maybe the story is good that a small place can do big things. I think it's a good story. When I was little, I was a big fan of Robin Hood, and I think there is something good in the story in knowing that even people who are rejected or forgotten or who are not part of big places can contribute in an impressive way, can surprise the bigs by bringing to the table a contribution that is unique that nobody else could do.
Dan Seed (18:47):
This is an onsite telescope, right? You're going to have to travel somewhere. Is that accurate?
Andrea Banzatti (18:53):
No, no, no. This is a space telescope. So we request observations that are then performed by the control room in Baltimore at the Space Telescope Science Institute, and they deliver us the data when they're taken.
Dan Seed (19:08):
Okay. And so to that point then, what is it that you're looking for? What is your research? What are we pulling in here? What's the end game?
Andrea Banzatti (19:16):
So what will happen is that we tell space Telescope Science Institute what data to take. So we give the technical description and information and the details. They perform the observations by controlling the telescope, and then they send us the data. And so our story then begins when we get the data and the data in astronomy, they always have to be prepared for science. So there is a process that is called data reduction where we take the data from the telescope and we prepare them to be ready to be analyzed. And then there is the analysis of this data. So that will be our role.
Dan Seed (19:53):
What is the question? The scientific goal of the program here?
Andrea Banzatti (20:00):
This connects well with the story that I said earlier about planet formation and how that's a hidden story. Our program tackles exactly this point, the fact that planets form hidden to our site. And so we are trying to be creative and smart in the way we use telescopes to learn more about that story. Our program is exactly on that. And so let me tell you briefly how planets have to assemble from both solids and gas in these discs that rotate around young stars. Unfortunately, we cannot see, as I said, that happening in real time. And we cannot even our sharpest eyes, our largest telescopes cannot see through these discs and see the protoplanets we call them depending on the size, planetesimals pebbles that are aggregating into a larger planetesimal and then a planetary core and then a planet. Or there are steps that have to happen from the really dust grains that are just going around to become large enough to become a core of a planet.
(21:13):
We cannot see that happening. Our sharpest eyes cannot see that. So in our program, we told this story, let's use water as a way to trace these formation of planets. And this is why. So these disks are illuminated and heated by the central star, so close to the star, they're hot and it's all gases. But as you go farther out from the star, the temperature cools down and molecules freeze because it's very cold in space. So water, which is one of the most common molecules in space, believe it or not, together with H two and co carbon monoxide and molecular hydrogen, there is a lot of water there, but it's mostly frozen out. It's frozen into the outer colder, these regions. And as it's frozen, it's mostly invisible to us. But these frozen grains, they collide, they aggregate and they form larger pebbles. And these pebbles then migrate slowly through the disc and they go towards the star.
(22:14):
As they go to grow the stars, they are bringing solid material to form planets close to the star. Exactly where we see super earths rocky planets surround other stars. A way that we can follow these migration of ice from the outer cold regions to the warming regions is to use James we and observe gases water emitting from the warm inner part. So this is exactly, and very scientifically, I'm being a little technical here, but this is exactly the technical point of our program, is to measure how much water gases water is in this inner region of the disc and transform that into an ice mass that has been delivered from the outer these regions all the way to the rocky plant formation region. That's material that we know is building these planet ALS and planetary course and planets. So if we can give a measurement of how much water is there and how much ice has been delivered to the planet formation region, we can say how much mass is available to foreign planets.
(23:22):
And there are researchers from Europe and the US in our team, there is particular one team from Sweden where they study how to translate a mass that is delivered a mass of solid and ice that is delivered to the rocky planet for region, to the type of planets that can be formed. Which means that if we are able to measure how much water is there, how much gas ice has been delivered, we can then say whether that star, that disc is forming small rocky planets or large super earths and also through following the path of ice. And this is water delivery, really water delivery to those rocky plants
(24:07):
Models can also try to tell us how much water is then available on those planets that are forming. And therefore now it's a long shot. But we can address the question of then could there be life on planets like this forming in that disc? Understand would we have enough water? Would there be the right conditions for water to develop? It's a big question. So we address the beginning of that question and we leave the rest. That is very complex to answer to a worldwide effort in astronom. It's really requires the joint effort of many groups to tackle this big question. But we do our path. We try to measure how much water is there, how much ice has been delivered, and therefore how much mass is available for those planets.
Dan Seed (24:54):
Well, doing your part is very important obviously, in terms of how you've described this, and it's very fascinating, folks like yourself, Dr. Zaia, I look at and I marvel at the way that you folks do this stuff and how you study this and the passion that you bring to your field. So thank you so much for joining us and congratulations on this honor.
Andrea Banzatti (25:18):
Thank you. Thank you. I'm very, very happy to share this story to Texas State University, to the community inside and outside the university. I think it's worth knowing.
Dan Seed (25:27):
I would certainly agree, and you describe everything so well that hopefully our audience is able to take a better understanding of such a complex idea and distill it down. And you did an excellent job of that, and we thank you for that. And thank you to our audience for listening and we hope that you'll listen in next month, download and tune in. And until then, stay well and stay informed.
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