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Patrick Shober
- I recently accepted a staff scientist role at Caltech to work with the NEO Surveyor mission, which is a NASA planetary defense mission looking for small hazardous asteroids near the Earth. So at the beginning of next year, I will start that. In the middle between there, I'm going to take a little bit of a hiatus and I'll be in Antarctica for two months searching for meteorites-
Michael Holtz
- Really?
- [Announcer] You're listening to "Further Together, the ORAU podcast." Join Michael Holtz and his guests for conversations about all things ORAU. They'll talk about ORAU's storied history, our impact on an ever-changing world, our innovative scientific and technical solutions for our customers, and our commitment to the communities where we do business. Welcome to "Further Together, the ORAU podcast."
Michael Holtz
- Welcome to "Further Together, the ORAU podcast." As ever, it is me, your host, Michael Holtz, in the communications and marketing department at ORAU. And if you have ever listened to an episode of this podcast, you know that I love talking to NASA Postdoctoral Program fellows, and this is another one of those episodes. I am privileged to talk to Patrick Shober, who is, in a little bit of a twist for these interviews, is near the end of his fellowship as opposed to near the beginning of it. So I am looking forward to having this conversation and talking about what Patrick has done, is doing, and plans to do in the future. Patrick Shober, welcome to "Further Together." I'm so glad to have you.
Patrick Shober
- Well, thanks for having me. Yeah, it's great to be here.
Michael Holtz
- So first question is, Patrick, you are a NASA postdoctoral fellow. Where are you doing your fellowship and what is your focus?
Patrick Shober
- Yeah, so I'm a fellow at NASA Johnson Space Center in Houston, Texas. Like you said, I arrived a while ago, so it's been two years already almost, so nearing the end. But I work with Paul Abell, and my work centers around trying to use Doppler weather radar to detect and characterize meteorite falls in North America primarily.


Michael Holtz
- Gotcha, so for those of us who are not scientists, why is this research important? Why do you do what you do, basically?
Patrick Shober
- Yeah, so for me, I'm very interested in trying to get more information about these falls because it greatly increases our chances of recovering meteorites on the ground. So these rocks from asteroids and maybe the Moon or Mars that we find on the surface that through an impact in the geologic past has been released from these bodies and then has made its way to Earth and survived an impact with our atmosphere and landed on the ground. And we can observe these events, and this is what I did my PhD in. I did my PhD in studying fireballs, is what we call them, so very, very bright meteors. And I worked with a project called Desert Fireball Network in Australia, which is basically normally the way we characterize these events or we observe them. We have cameras, just like a camera you would see at maybe a wedding, pretty fancy, but with a fisheye lens.
Michael Holtz
- Two eyes, okay!
Patrick Shober
- And so it's observing the whole sky at once, and you don't know when a meteorite is going to fall. So basically the only way to understand when a fresh one has arrived is observing all the time. And the Doppler weather radar helps us a lot with that, because normally, whenever we observe with cameras, we're observing when something hits and it starts ablating. In other words, the surface is starting to melt, it gives off light, and that's happening tens of kilometers into the atmosphere, several miles into the atmosphere. And after a while, if something is large enough to drop a meteorite, it'll start ablating. It'll form this shooting star, the meteor fireball that we're looking for. But then after a while, the atmosphere will slow it down enough where it's no longer ablating, it's no longer giving off light. And that actually happens quite high up in the atmosphere. So there's still quite a long ways to go until it reaches the ground. And for people like me who go searching for meteorites, there's lots of uncertainty. Basically, you know that it was hitting up here, but then you have to predict where it lands on the ground, and that's probably several square miles of search area to search for a little black rock or several.
Michael Holtz
- Right!
Patrick Shober
- So what I'm doing at NASA Johnson is trying to use weather radar to detect these meteorite falls at much lower altitudes in the atmosphere. And this has been done primarily by Marc Fries, another researcher I work with. And these detections have been shown to show up in the Doppler weather radar initially by Marc for the last 15 years. He's used this method to recover over 30 meteorites. And my goal for my fellowship is basically to try to improve this, possibly automate it, and improve the amount of information we can extract from the Doppler weather radar.
Michael Holtz
- And I'm assuming the radar, using Doppler radar, helps locate where the falls have happened-
Patrick Shober
- Yeah, so basically-
Michael Holtz
- Where they hit the ground in some respects.
Patrick Shober
- You can imagine like you're predicting from your last observation when it was burning up, and that uncertainty grows over time. You can imagine a cone extending down to the ground 'cause you don't know what shape the object is, you don't know what composition. If you haven't recovered anything yet, you don't know what the density is, you don't know the shape, spin. The winds can be unconstrained depending on your models. And so having even just one pixel halfway down, all of a sudden that uncertainty collapses a bit, and you could have, depending on the fall, a very significant decrease in the search area, and that's why it's so effective at helping with the searches. And in the U.S., this has, yeah, like I said, led to a lot of recovered meteorites over the last 10, 15 years.
Michael Holtz
- And do you like to go hunting for them yourself?
Patrick Shober
- Ideally, I would love to. I haven't gone in a while.
Michael Holtz
- Okay!
Patrick Shober
- We would do that in Australia a lot more because there's a lot less people in the middle of Australia. So whenever a fall would occur, no one else would know about it besides us. The one thing that happens more and more nowadays, because more and more people have, I don't know, cameras for their front door, or security cameras in general, the phones out, anything, there's a lot more casual footage of these falls. So a lot more people are hearing about it and reporting it. So there's also more recoveries, and there's people who go out and search for these to try to make money as well. So it's a lot more of a competition in the U.S. than I was used to in Australia. So yeah, I would like to go search more, but often that's left for, we let the public know, and depending on where it lands. So if it's public land, of course, go search. There was a meteorite fall earlier this year north of Houston, so went to search and people found fragments of the meteorites there. But sometimes, you know, it could be private lands or, yeah, complications.
Michael Holtz
- Right, right, right. Not always easy.
Patrick Shober
- Yeah.
Michael Holtz
- Patrick, have you always been interested in science? Has that kind of been who you are?
Patrick Shober
- Yeah, I think for the longest time, I kind of, whether it's inherent to me or my parents raising me, both my parents are physicians, so I kind of always imagined myself in a scientific context, but I'm the only person in my family who studies like non-medical science.
Michael Holtz
- Okay, gotcha.
Patrick Shober
- But I've always... Yeah, I've always been interested in space or astrophysics, and I did my undergraduate degree at Case Western Reserve University in Cleveland, Ohio, studying meteorites. And then, so it's been a part of my life for a while now. Yeah, and like I said, I did my PhD looking for meteorite falls, fresh ones in Australia. And then I've been working on all-sky networks, similar things. I did a previous work with a different all-sky observation network in France just before coming to NASA, and now obviously working with Paul and Marc trying to use radar to kind of augment our capability in the U.S. a little bit more.
Michael Holtz
- Was coming to NASA always kind of, you know, the dream scenario of like, "Man, I'd really love to be there?"



Patrick Shober
- Definitely for growing up in the U.S., and that's like not knowing anyone who studies that, that's obviously kind of the one reference point of like this is who does space science. So of course, growing up watching like shuttle launches, it was definitely always a goal. I did do an internship at NASA Glenn in Cleveland, Ohio during my undergrad degree. That was really great in working with meteorites there. But yeah, I think it was always somewhat of a goal, of course, to work at NASA.
Michael Holtz
- So, talk about what it's been like, you know, for the last almost two years in your fellowship. Just, you know, I have heard from other fellows about, you know, the great mentorship and collaboration and just kind of the great environment that exists at NASA. Talk about your experiences with that.
Patrick Shober
- Yeah, it's definitely a little bit destabilizing arriving at work and seeing like, "Oh, I can't go through that door. That's where the Apollo samples are-"
Michael Holtz
- Okay!
Patrick Shober
- Kind of thing. And then like right across from my office are the samples for the most recent sample return mission for OSIRIS-REx, which was a sample return mission from a near-Earth asteroid, Bennu. But all the samples from all of the sample return missions for NASA, like, or most of them, are in my building or near it. So it's definitely, from the get-go, a bit, I don't want to say intimidating, but a little bit, yeah, just a lot. It's fascinating, yeah.
Michael Holtz
- Exhilarating.
Patrick Shober
- For sure, and then.. And the people there, I mean, work on some of the biggest missions for NASA, working on, you know, billion-dollar missions to bring back samples, just work on the Artemis missions and future sample return. So there's tons of opportunity no matter where you are, no matter, yeah, whether it's at Johnson or any other center. It's, you're talking to people who are working on the next big thing.


Michael Holtz
- Awesome. And I understand, I think I have this right from Taifa Simpson, have you had a paper published recently, or?
Patrick Shober
- Yeah, my paper, I had a paper published last year. I do a lot of different work.
Michael Holtz
- Okay!
Patrick Shober
- So I haven't published anything related to radar yet. I'm working on two papers, but I published a paper in "The Astrophysical Journal," I guess this year. I guess that's normally how papers work. All the work was done two years ago, but it was just published.
Michael Holtz
- Sure. Right, and the process takes a while and yeah.
Patrick Shober
- Yeah, so in my head, it happened a while ago. Yeah, so I am very interested in understanding recent processes occurring within the population of asteroids close to the Earth, and that ties into my future work as well. So in that paper, I was looking for signs amongst impact or amongst meteor datasets. So basically looking through all the shooting stars we observe with a bunch of different colleagues and trying to identify if there's any clustering in the population. And the reason that's interesting is because essentially what you see hitting the Earth, most of it is kind of sporadic background. You have sources from asteroids that have collided in the past, and you have most of it for dust-size stuff, which is what I was looking at, is mostly from comets. But when something has happened recently, whether that be an impact or whether it be a comet outgassing dust and gas, you'll have a concentration of this dust and pebbles on very similar orbits. And we can see that when we look at the shooting star dataset, essentially. You see this little concentration, and that means you have a stream. On Earth, if it's large enough, we call this a meteor shower.
Michael Holtz
- Okay!



Patrick Shober
- So essentially in the paper, what I'm describing is like a newly discovered meteor shower that is from a carbonaceous asteroid near the Earth, which is a very interesting type of rock because it's very hydrated. So it's water-rich, which can tell us a lot about where water comes from on Earth and the distribution of water in the solar system and a lot of interesting things, but the stream is coming from that kind of asteroid, so...
Michael Holtz
- That sounds really interesting, and I would love to put a link to your paper in the show notes for this conversation for folks who might be interested in taking a look at it.
Patrick Shober
- Yeah, for sure.
Michael Holtz
- So Patrick, talk about, I know you mentioned Marc a little bit earlier. Talk about your colleagues and your mentors at NASA and just how they've basically helped you.
Patrick Shober
- Yeah, so using, like I said, I'm working with Doppler radar, or weather radar, which is certainly not my expertise, and it's a very unique way to look at the meteorite fall problem. So Marc has been a huge help in kind of deciphering all that information. He's the one who's manually gone through all of the data for the last 20 years and goes through the public... So all the Doppler weather radar in the U.S. is publicly available, anyone could download it. And what Marc does is every time there's reports of a possible meteorite fall, nowadays you have videos, you have things like the American Meteor Society or the International Meteor Organization that collects public reports and you can see, oh, there was 100 reports that there was something in this area, and then you can go search through the radar. And he's been doing that for, like I said, two decades. And so a lot of the work that I'm doing relies on his manual work over these last 20 years.
Michael Holtz
- Okay!
Patrick Shober
- Because these falls are still quite rare, they happen maybe a couple times a year in the U.S. So over the course of the 20-plus years, he's identified 50-plus probable falls, and that's led to the recovery of around 30. And yeah, I couldn't really do a lot of the work without his help kind of interpreting that data that he's identified himself.
Michael Holtz
- Gotcha. So Patrick, for you, as your official fellowship comes to an end, what's next? What happens next for Patrick Shober?
Patrick Shober
- Luckily, I know right now. If you talked to me maybe a month ago, I wouldn't, but I recently accepted a staff scientist role at Caltech to work with the NEO Surveyor mission, which is a NASA planetary defense mission looking for small hazardous asteroids near the Earth. So at the beginning of next year, I will start that. In the middle between there, I'm going to take a little bit of a hiatus and I'll be in Antarctica for two months searching for meteorites-
Michael Holtz
- Really?
Patrick Shober
- So yeah, a lot is happening in the next couple months, but yeah, super excited.
Michael Holtz
- That's really exciting. I mean, certainly it's a staff scientist position, but going to Antarctica, you've been to Australia, you've done France, like you've been able to travel to do, you know, some of this research, which is pretty amazing.
Patrick Shober
- Yeah, the meteorites don't have a specific place they want to fall, they fall all over the place. So it definitely has enabled me to, yeah, travel a bit throughout my career for sure.
Michael Holtz
- It's not like they fall every day in the United States, right?
Patrick Shober
- No, no, no, yeah. But yeah, it'll be good to... We go to Antarctica because, like I said, they don't fall anywhere in particular. It's just a lot easier to find them in Antarctica.
Michael Holtz
- Sure.

Patrick Shober
- So if you find a rock in the middle of an ice sheet...
Michael Holtz
- It's probably it.
Patrick Shober
- It probably came from the sky.
Michael Holtz
- Yeah, that makes sense.
Patrick Shober
- So, that's one. But yeah, it'll definitely be new terrain for me. I'm still trying to figure out everything I need to get for that environment, 'cause it gets down to -30-
Michael Holtz
- Lots of warm-weather gear.
Patrick Shober
- Yeah, yeah, exactly. I mean, they provide a lot of the gear for like the fieldwork because we're going deep into the field, so we'll be just in tents in the middle of the ice sheet and searching. But for, yeah, all the things within the tents and yeah, boots and things, like I have to get myself, but-
Michael Holtz
- Sure, sure. Wow, that's amazing. Well, I'm excited for you, sounds like a great experience. Patrick, is there anything that I haven't asked you that you want to make sure that you talk about?
Patrick Shober
- I could talk a little bit more about the NASA mission if you wanted me to, but otherwise-
Michael Holtz 
- Yeah, absolutely. Absolutely.



Patrick Shober
- Yeah, so like I said, I'll be starting next year. I'll be part of the science team for the NEO Surveyor mission at IPAC, or IPAC at Caltech.
Michael Holtz
- Okay!
Patrick Shober
- And that telescope, so the mission is a space telescope, a 50-centimeter space telescope that'll be positioned at the first Lagrange point, which is basically far, far away from Earth. It'll be interior to Earth's orbit, but in a position in space where it always stays close to us. And that's very important for the mission because it's a planetary defense mission, so it's trying to identify small asteroids, and it can't be close to the Earth because actually the Earth is quite warm, and the camera on the telescope is looking in the thermal infrared.
Michael Holtz
- Okay!
Patrick Shober
- So it's basically like the camera in, I don't know, an alien and predators looking for the targets and you see a red spot, except instead-
Michael Holtz
- Right, right, okay.
Patrick Shober
- Our target is just small asteroids, and it's a great way to look for them because normally, using optical large telescopes on the surface of the Earth, we're really biased against small, dark rocks.
Michael Holtz
- Yes!
Patrick Shober
- So... And most of the asteroids are small and dark.


Michael Holtz
- Dark rocks.
Patrick Shober
- So we're only seeing really the brightest things and the largest things. So to really have a good, successful planetary defense mission and kind of fulfill the congressional decree from 2005 to identify all the hazardous asteroids, they found that a mission like this was necessary to kind of fulfill those requirements. So it'll be very cool. I'll be doing a quality assessment of the data, so making sure that the data coming in from the telescope is of high quality as we relay that to the Minor Planet Center, which is the clearinghouse for all asteroidal discoveries and cometary small-body discoveries around the world. And then I'll be working with the science team to interpret what we're seeing with the telescope, which will be really awesome.
Michael Holtz
- That sounds amazing and also very important, right, in terms of protecting the planet from...
Patrick Shober
- Yeah, as I told my parents, I'm basically going, because they would always ask me, like, "So if there's ever like a big asteroid coming towards the Earth, we contact you?" And before, I would always tell my family no, I would be the person to talk about afterwards because I'm only seeing the meteorite on the ground, but for the first time, yeah, I'll be the one to contact.
Michael Holtz
- You're on the field. You're the guy who is-
Patrick Shober
- I'm on the front lines. Yeah, it'll be a change of pace, but yeah, it'll be great.
Michael Holtz
- Awesome. Last question for you, Patrick, what brings you joy?
Patrick Shober
- Ooh, I mean, I am very curious by nature and I love learning. So my wife finds it a bit weird from time to time because I really, it almost feels like I'm always like gathering information. I'm very interested in a lot of different topics, and I just like constantly challenging myself. I think in planetary science and the work you do at NASA, of course, I study a very specific thing, but you need to constantly be relearning, 

reviewing, and learning new things and collaborating with other people and constantly moving forward. It's a very challenging environment, very fulfilling, and I really like it.
Michael Holtz
- Awesome, awesome, well, we will leave it there. Patrick, thank you so much for this time today. I really appreciate the opportunity to talk to you.
Patrick Shober
- Yeah, thanks for having me.
Michael Holtz
- Absolutely, have a great day.
- [Announcer] Thank you for listening to "Further Together, the ORAU podcast." To learn more about any of the topics discussed by our experts, visit www.orau.org. You can also find us on Facebook, Twitter, and LinkedIn, @ORAU, and on Instagram, @ORAUTogether. If you like "Further Together, the ORAU podcast," we would appreciate you giving us a review on your favorite podcast platform. Your reviews will help more people find the podcast.
