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Q: So this is Erik Conway. I’m interviewing Benjamin Weiss. You’re at MIT, is that right?

Weiss: Right.

Q: And we’re talking about the Psyche mission, where he is the deputy principal investigator.
It’s November 15t 2023.
So, Ben, first, tell me a little bit about yourself. Where were you born? How were you

educated?

Weiss: [ was born in Albany, New York, and I went to high school, grew up in Albany, went to

Ambherst College for undergraduate, studied physics there, and then I went to Caltech for

graduate school, where I majored in planetary science and geology.

Q: What years were you at Caltech?

Weiss: 1997 to 2003.



Q: Okay, fairly recently. I’'m always curious, because Caltech’s a small place, so a lot of people
tend to know each other, but I don’t think I know anyone from that particular group. Most of the
people I know are a little older than that.

So you studied planetary science. How would you describe your specialty in planetary

science?

Weiss: Planetary geophysics, specializing in magnetism, to understand how planets form their

tiered structure, their histories, and whether they’re habitable.

Q: And you can learn all that from magnetic fields. [laughs]

Weiss: Yeah, turns out when I got to graduate school, I had never really imagined that you could
use magnetism to answer any of these questions. I didn’t start working on this project that led to
my Ph.D. with my eventual Ph.D. advisor until my third year. I’d never even heard of the field of
paleomagnetism at all and didn’t know that you could use it to understand fundamental questions
in planet formation and evolution.

The way I got into this was he had a Martian meteorite in the laboratory and it was this
rock Allan Hills 84001, and this is 1997. I guess by the time I started working on it, it was like
’99, around then, and this rock a few years earlier had a press conference with Bill Clinton
saying that it had fossils of ancient Martian life in it. He had a piece of this because he was
working on the fossil question of whether there were fossils.

So a lot of the intention about this meteorite was focused on that question, but we

realized that there’s so many other things that this rock could tell us. For example, did Mars have



an ancient magnetic field? It doesn’t have one today, but did it have one in the past? That’s a
really major question, because one of the leading ideas about why Mars became inhospitable is
that it lost its atmosphere, which led it to dry out and get cold. One of the leading ideas is that’s
because it once had a magnetic field that was protecting the atmosphere, and then when the field
died, the atmosphere was removed. So understanding the history, the magnetic history of Mars is
a first-order question.

Then we realized that we could not only use it to answer that question, but also whether
there’s atmosphere trapped inside the rock that could tell us about the composition of ancient
Mars atmosphere. We also realized we could use it to test the idea that maybe life was
transferred from one planet to another. There’s all kinds of different things that seemed to have
nothing to do with each other.

We started talking about this, and he’s like, “Do you want to work on this?”” Within a few
weeks, [ was in his lab cutting up this sample and, you know, freaking out because if I felt like
the way when I first drove on the freeway and I was the person holding the steering wheel, like,
“Do people really trust me to drive this thing?” You could get yourself in trouble real quick. So
that was what really hooked me, was that I was working on a piece of rock from Mars. Then I
realized this technique that I was developing, that I was learning from him, involving these
magnetic measurements was really a powerful technique that can give you insights into

fundamental questions in planetary science.

Q: Who was your advisor, his name?

Weiss: Joe Kirschvink, Joseph Kirschvink.



Q: I heard a lecture by him a long time ago.

Weiss: Oh, cool.

Q: Probably in 2004 or ’05, that timeframe.
So you got interested in the magnetic fields question because it was so fundamental to

answering lots of questions that interested you.

Weiss: Yeah.

Q: And how did you meet Lindy Elkins-Tanton?

Weiss: She became a professor at MIT and she was on my hallway on the eighth floor of
Building 54 here at MIT. She works on planetary history and evolution also, so we were
naturally interacting on that. We started working together specifically when I had these magnetic
measurements of a meteorite that I asked her about one day when she was walking by my office.

I can tell you more about that if you’re curious.

Q: Oh, sure.

Weiss: Okay. So we had been finding that many meteorites formed in ancient magnetic fields

that were surprisingly strong, and yet that was surprising to us because these are supposed to be



from small little bodies, and it wasn’t clear whether they could make their own magnetic fields,
for example, like a big planet does. We also didn’t know at the time what we know now, that the
nebula itself, the disc of gas and dust, that as the planets form, it looks like that also generated a
large-scale magnetic field like a planet, but on the scale of the solar system. We’ve learned all
that stuff since, but in those days, we were just finding that many of these meteorites that we
looked at in my laboratory on the seventh floor were clearly formed in fields that were like this
Earth today, but 4.5 billion years ago, so we were really perplexed as to what the origin of this
was.

So I asked her, like, “Hey, Lindy,” one day, “do you have any ideas about the way these
rocks could have been magnetized? Is it possible that they generated their own magnetic field,
for example, like a planet did?”

And she’s like, “I was just talking about that in my class just an hour ago.” She was
actually coming out of class, which was across from my office. So she came to my office and we
started talking about it, and she started telling her view of how little asteroids—they’re called
planetesimals in the early solar system when they first form, “little planets.” Today their
remnants are called asteroids. So, planetesimals, after they form, if they form early enough, they
can melt due to heating from radioactive nuclides, and then they can form little metallic cores
like planets do, and then the churning of those little cores could generate a magnetic field and
maybe magnetize the outer layers of those asteroids.

We were going back and forth on this, drawing pictures on the board about how this
might happen, and then we were like, “Wow, that’s really cool. This explains the data.” And then
we actually were so excited about it—and I don’t think I’ve ever done this before or since—we

actually took a photograph of our whiteboard picture so we could remember the moment [laughs]



when we had come up with this idea. Then we wrote a couple of papers about it and then kind of
forgot about it.

Then within the next few months, she was contacted by JPL. Some scientists there, Bruce
Bills and Dave Wenkert, had read one of those two papers, and they’re like, “Hey, this is a really
cool idea. Maybe we can test this with a space mission. Would you want to come out and talk to
us about it?”

And we’re like, “Hell yeah!” [laughter]

So that’s basically how the Psyche mission was born. We started going out there and
brainstorming with them. That was twelve years ago. Then that ultimately led to the Psyche
mission, where we’re now going to a metal world to see whether it formed from the core of a
planet and generated its own magnetic field. We’re using a spacecraft at the asteroid scale to try

to test some of the ideas that we found from measurements in the laboratory.

Q: It’s a cool story. A little bit of serendipity there.

Weiss: Yeah.

Q: So when you come out to JPL and you’re talking to Bruce Bills and Dave Wenkert and you’re

having that conversation, how did you think about the problem of support and organization for a

proposal, and how would that work from MIT’s perspective? I know how it works here.

Weiss: Well, you know, at that point you feel like there’s little chance that it’s going to be

selected. It’s a huge amount of work to do. It’s unfunded [laughs], at least from our side. JPL



actually has internal funding to support its role in proposal development. So the only way it’s
going to work is if you’re super excited about it and you have a little bit of flexibility in your job,
which both those things we met. Because we were both professors, we had nine months of our
salary covered, which is good, out of teaching. We only have to raise three months. But also this
was so incredibly fun, this idea. The concept of planning a space mission and the process of
doing it is so fascinating, that just the excitement carried us through to the proposal.

So neither of us had ever been involved with space missions before, really, so it was also
drinking from the fire hose. It was a sea of acronyms that we had to slowly learn. But JPL, to its
great credit, bringing the two of us involved in this, we were definitely not insiders. We’d both
been working in the laboratory mainly. Neither of us had really been involved in any space
missions, and here they’re giving us the opportunity to plan a mission, which is amazing, right?
Not just to be part of it. They were very patient and also very generous in teaching us how to
think about this, and giving us the opportunity to learn and the space to brainstorm about
different mission concepts, really out there, you know.

Some of the early ideas that we’d put forth, we originally thought we want to see inside
these asteroids and see whether they really do have molten, melted interiors and cores. We
proposed in our paper that many asteroids may look unmelted on their surface, but they might
have these melted interiors with cores that are hidden, and we wanted to see “Well, let’s see if
we can see inside of asteroids to look for these metal cores.” So we were like, “Well, how are we
going to do that?” Because you’re kind of limited in your ability. You can’t put a seismometer
down within their Discovery budget, you know.

So we thought, “Maybe we’ll go to an asteroid family,” which is like basically a bunch of

fragments of some asteroid that was catastrophically disrupted by impact. Then we could go visit



each of those pieces and see the inside. Well, it turned out that doesn’t work. That’s not easy to
do because they’re spread out all over the place. Going from one to another is impractical.

So, anyway, then we started thinking, “Okay, we’ll go to an [unclear] asteroid.” And we
started considering all the different interesting targets out there, and finally realized that we
could get to Psyche. So it evolved to now looking at the core of a planet. We have three goals:
one, let’s visit a previously unvisited member of the planetesimal formation, the building blocks
of the planets, iron-rich worlds. The second thing is, let’s see if Psyche is the core of a planet that
had its outside stripped off. We have the opportunity to visit a planetary core for the first time up
close. We’ll never do that going to the Earth’s core, because it’s a million times the surface
pressure and hotter than the surface of the Sun. And then the third idea was, let’s visit a metal
world, a world that’s not made of rock or ice, all of which we’ve sent spacecraft to, or even gas,
but one that’s made out of metal and see what a volcano looks like on a metal world. Let’s do
geology on a metal world. Let’s see what a landslide looks like on a metal world. What’s a
magnetic field look like on a metal world? What’s tectonics look like on a metal world? What’s
an impact crater look like on a metal world?

So that’s how it evolved, but that was through this incredibly exciting and open
brainstorming process in this place they called the Left Field, organized by their Team X. So

that’s something I’1l never forget, that process.

Q: So that was done over a few days, then.

Weiss: Yeah, we went a few times, and then we maybe visited half a dozen times, I’'m guessing,

over the course of the mission development, of the proposal writing for Phase A.



Q: And who were the other key people? You’ve mentioned a couple already, but who else at that

point in time?

Weiss: So another early person that really super impressed me was David Oh, who I’m actually
having dinner with tonight here in Boston. He’s flying in to visit MIT for a few days. He was the
capture lead and also he had two simultaneous roles, which supposedly is very uncommon. He
was also Project Systems Engineer. He eventually became Chief Engineer. So he was guiding
the discussion, the brainstorming, taking notes at the same time, and a detailed, very detailed
logging of what we were talking about, and also teaching us basic aerospace engineering along
the way. [laughs]

Then there were some people doing trajectory analysis. That’s how we identified we
could go to Psyche. Damon Landau, I think, was involved. Brent Sherwood, an early key player
in this. Then we eventually started inviting some external scientists like Bill Bottke, Jim Bell. He
became eventually the deputy PI before me. Rick Binzel, Bruce Bills, those are some of the early
people.

Eventually we had a mock site visit at JPL. Gentry Lee was a big part of that. Then it
kind of grew to—I think there was maybe up to like 2,000 people who’d been involved in this

mission, I think is the number I heard from Lindy, since we started working on this.

Q: It’s a lot for a supposedly small mission. [laughter] I increasingly wonder if there are any

small missions.



Weiss: Yeah. They’re trying that with SIMPLEX. They’ve had some troubles.

Q: Yeah. We’ve been through this cycle before of trying to make them smaller and simpler, and

then they tend to grow again.

Weiss: Yeah.

Q: It’s been a challenge for the agency.

Weiss: Yeah.

Q: Talk about choosing the payload for Psyche, please.

Weiss: That was one of the most difficult decisions that we had to make, and it’s because we’re
on a Discovery budget, so every measurement must be absolutely critical and directly tied to
your science objectives, and the science objectives really have to be these clearly laid-out
testable hypotheses that flow down to achievable measurements. Of course, if you spend what’s
now going to be more than eighteen years by the time this gets there [laughs], before we even
start the mission. We’re twelve years in and we’ve got another six before we get there. You want
to basically hang everything on this spacecraft like ornaments on a Christmas tree, and, of
course, everybody else who has these instruments wants to be on it and get their instrument on,
so it takes an incredible amount of discipline and really tying in one of the most critical

observations to make.
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I think one of the two biggest decisions was do we carry a spectrometer. We’re actually
doing mineral spectroscopy, so right now we have—the payload turned out to be the imager,
multispectral imager, just basically takes images in a few different spectral bands, and then
there’s the magnetometer, which is my instrument, and then there’s the gamma ray neutron
spectrometer, which measures the elemental composition.

We decided the imager is critical because if we’re going to want to do geology of a metal
world, you need to be able to see it, and then also it’s critical for testing the idea of whether
Psyche forms a core or not, because if it turns out, you know, whether there’s large regions of
metal separated from rock is a key indicator of a core. It’s almost the definition of a core.
[laughs] Also it turns out there’s certain silicate minerals that have very specific absorptions that
you can use to see whether they formed from melting or not. So obviously the imager is critical
for that. Also for telling us the age or relative ages of the surface, which is another one of our
objectives, by counting craters.

Then the gamma ray neutron spectrometer’s critical because we want to know the
composition of this thing. If we want to say it’s a metal world, we’d better show it’s made out of
metal. [laughs] We haven’t proven that. Metal doesn’t have absorption bands, so from Earth we
cannot see, like, an absorption line or band from what’s clearly metal. So we infer its presence
because Psyche’s quite dense and because it’s reddish in color. That’s indirect. So if we really
want to say that there’s metal there, we need something that actually measures the elemental
composition. The GRNS does that. It also will tell us whether there’s large regions of rock
separated from metal. It’1l also tell us, basically, if it turns out, depending on the nickel content,
we can rule out or test the idea that Psyche formed from a core rather than being a primordial

unmelted metal-rich object. There’s different predictions for the nickel abundance, so something
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that formed from lots of metal grains in space as opposed to something forming from the melting
of a large body that had its metal sink to its center.

Those instruments are all clearly tied to our key science objectives, of which we have
twelve or so. Really five high-level science objectives. But we didn’t include an infrared
spectrometer, which a lot of missions carry, so we can say it’s got a composition of nickel and
oxygen and sulfur and aluminum. We can’t say it’s that mineral, this is this mineral except in a
few rare cases. We left that off because knowing the specific mineralogy is not required to meet
these key science objectives, did Psyche form from a core or not, what are the relative ages of the
surface. There are a few other objectives.

Then the other thing that we also would have loved to carry but we didn’t is a laser
altimeter for measuring topography, like was on the near-Earth asteroid rendezvous mission
[NEAR]. Both those two instruments are really resource-intensive. And one of the co-
investigators on the mission, Maria Zuber, who’s leading the gravity investigation, she was
advocating for the laser altimeter. She’s flown those on other missions. So naturally we had a
predisposition to having that on the mission, but in the end, we just decided the resources
couldn’t accommodate it.

But, yeah, each of those, that’s how we came to the decision. It’s like what are our

objectives and then what do we really need in order to answer them?

Q: How did you find those instruments? Did you put out a request for proposals or did you know

they already existed from meetings?
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Weiss: It’s a little bit of a dance, because you bring the people who build the instruments onto
the science team if you select them, but then you’re asking them are they interested. “What can
your instrument do? Can it meet these performance requirements that we have established
independently are necessary to answer our objectives?” And then they have to be willing to share
their information about their instrument, even though they’re not on the team yet, and then if it
turns out their instrument is not able to do what it needs to do, there needs to be no bad blood
about it not being accepted, you know. So it’s a sensitive thing to handle, basically reaching out
and getting in some cases fairly confidential information from people who are not on the team,
and then with the possibility that they might not get anything in return. So that was all handled
carefully.

JPL, of course, faces this question all the time for all their missions, so they’re kind of
used to this, but it’s still an impressive thing that they’re good at, I guess. There’s many things
that JPL’s good at, and that’s just an example. I think the thing, by the way, that JPL’s most
impressed me with this whole thing is system engineering, how you build a device that’s so
complicated that no single human could understand even most of how it works. You know what I
mean? And the whole process of system engineering, which does that, hierarchical assembling of
subsystems in an organized way is, I guess, a feat of human knowledge, I think.

Anyway, so the imager, Jim Bell was, I think, already involved. He may have already
been on the mission at that point. He has a deep history in building some of the best imagers for
planetary missions, you know, Mars, he’s got one on Perseverance right now, also Curiosity.
Mike Malin, who’s a space scientist, is a longtime provider of imagers to NASA. So they were

naturally on the list of possible imager providers and they ultimately were selected.
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The magnetometer was interesting. As I said, I’'m the magnetometer lead, but I don’t
build spacecraft magnetometers. We build laboratory magnetometers and we have highly
sensitive things in our lab at MIT for measuring, as I mentioned, samples, but they’re definitely
not spaceworthy. We reached out to UCLA and Goddard and a few other places that are
traditional magnetometer providers, and ultimately went with UCLA. There’s probably like
maybe three or four or five equivalent first-class spacecraft magnetometer providers. We went
with UCLA because there were already good contacts with JPL. I had worked with them on
some other mission concepts, and also they had deep expertise in space science and, in particular,
asteroid science with Dawn, for example, Chris Russell.

That ended up being a much bigger challenge than we had anticipated. In the end, UCLA
did not deliver the magnetometer, and we switched to DTU—that’s Technical University of
Denmark—in February 2020, because basically the UCLA magnetometer was sufficiently
behind schedule at that point that it risked not making it onto the spacecraft in time, and that
would have led to mission cancellation. So that also, by the way, happened with the imager as
well later on [laughs], although it made it on there. So we ended up having to make an
emergency switch deep into mission development. This is Phase D, I think, basically, and that’s
basically eight years in. At that time, we’re supposed to be launching in 2022. Then we switched
the magnetometer provider to DTU right at the beginning of COVID. [laughs] We went out there
for that meeting, decided after that meeting in February 2020 that we were going to switch, and
then I never saw them again until basically it was delivered, after it was delivered. [laughs] So,
quite a challenging environment to do this.

And they had, of course, all kinds of challenges themselves building it there. They

weren’t allowed to go into the university where they build these things. They had to get special
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permission from the Danish government to do that. And the place they normally calibrate it,
which is this ultrasensitive magnetically-quiet facility in Germany, they weren’t allowed to fly
there because there was another COVID spike at that time, so they had to go to a place they’d
never calibrated before in northern Denmark. All the parts were delayed, all the things we’re all
familiar with with COVID. They managed to pull this off somehow, and they get enormous
credit for doing that. It’s a beautiful instrument. It’s launched now and it’s giving us beautiful

data, so in the end, it worked out fine, although it was pretty stressful for a while.

Q: So they had to basically build it in a year and a half, a little more than that?

Weiss: Yes.

Q: That’s impressive.

Weiss: Yeah. The only reason there was any hope of doing that is they basically assembled

almost a build-to-print copy of one that they flew on the Swarm mission, ESA’s Swarm mission

launched in 2013. Because we made very few changes to it, they were able to do it, but even

then, that was a challenge.

Q: Wow.

Weiss: It just happened the Swarm magnetometer met our requirements. But they’d never flown

a mission in deep space beyond Earth orbit, so this was also a big step for them in learning how
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to build, making sure that it was totally rad-hardened, the colder temperatures. There’s a few
modifications they made. And then the way we calibrated it, very, very different in space than
what they’re used to in Earth orbit. There’s no strong magnetic field that it’s sitting in. But,
fortunately, yeah, there were very few changes to the instrument and they were able to build it,

because they’re just true experts in what they do.

Q: Now, right after Psyche was selected, I think you were asked to change your launch date.

Weiss: Yes.

Q: Tell me that story.

Weiss: Right. Well, you know, the funny thing is I was not very heavily involved in that, because

at that time, I was just the magnetometer investigation lead, so I was not part of the Psyche

central leadership, so I wasn’t really involved. I was blissfully unaware of a lot of these details.

[laughs] Now as the DPL, I, of course, am involved in all those discussions.

Q: So when did you become deputy PI?

Weiss: February or May 2022. February or March, yeah. So that was basically about a month

before you realized that we weren’t going to be ready to launch in 2022, so I got to live through

that part of the excitement. Basically, as I said, because I was magnetometer investigation lead,

everyone involved in magnetometer and the payload, all the people I've interacted with, they’re
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just absolutely fantastic. I’ve learned so much, not just about aerospace engineering, but how to
think in a systematized way, manage a complex schedule, basically plan an experiment from start
to finish before I start it. As a lab scientist, I’'m used to kind of muddling my way through all

this. “Oh, if an instrument breaks, I’ll just fix it,” or, “If that experiment doesn’t work, I’1l get
another sample and I’1l do it differently.” Obviously, once you launch a spacecraft, you’ve got it
forever, essentially, so before you launch, you have to wrack your brain for any possible way it
can go wrong. The people who do this, they’re incredibly creative in the way they can think
things can go wrong. [laughs] Anyway, that whole approach, that was very valuable to see how
people do that, because it’s infused my own research.

But apparently other parts of the team were not working so well, so I got to see that pretty
intensely and very surprisingly, you know, like within a month of changing my role. So, yeah,
then there was a few months of that intense discussion. “Are we actually ready to do this?”

And then Henry Stone and Lindy Elkins-Tanton and Bob Mase making this incredibly
brave decision to tell NASA that we’re not ready to launch. Ever since then, basically that period
up to launch was like an intense—it was like maybe a year, I think. That entire year was intense,
one of the most difficult scientific years that I’ve experienced, work years, I’d say, maybe the

most.

Q: How did you come to know that there was a chance of delay?

Weiss: I started going to all these meetings I never went to before, never even heard of, and then

people were reporting these things at the meetings, so I was witnessing it happening in real

action. And they decided, “This is a little—something’s not quite right here with the GNC,” or,
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“Maybe we should have a little team put together to just do a deep dive in this.” And then that
team, which involved people like Swati [Mohan], came back with like, “Ooh, this does not look
good.” [laughs] So the process just self-excited before my eyes.

That eventually led to the Independent Review Board. There was a lot of intense
discussions behind the scenes, not just about the project management, but the JPL management.
So ultimately the IRB decided that the cause of the delay was everything from the lower-level
project managers all the way up to basically JPL-Caltech oversight, essentially. I was not

involved in many of the backdoor highest-level meetings there, but it seemed pretty intense.

Q: I’'m sure it was. I’ve interviewed a few people. I haven’t talked to Swati yet. I talked to Janis
Chodas about it, who was the planetary science lead during that phase. The IRB report was quite
an indictment of us, I’ll put it that way.

Talk about what you had to do to re-plan for a launch a year later.

Weiss: So first question is, can we launch and get there in a reasonable time and then still meet
our high-level science objectives. And, yes, the planets go around the Sun in an ordered fashion,
but you try to arrange all the right ingredients to work at the same time in a limited amount of
time, because we have to launch within a year or so. Prices are going to go up. Then you find
that there’s not quite as much solution space as maybe you hoped for this.

In the end, they found a trajectory that launched a year later, I guess a year and a half or
two years more to get there longer after it launched, and then can do all the science objectives,
but the challenge has been that if you show up at Psyche a year later, an Earth year later, Psyche,

because it’s spinning on its side, unlike the Earth, it’s very seasonal, so you can’t just show up at
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any time and hope to be able to have the whole surface illuminated. If one pole happens to be
facing the Sun when you arrive, you’re only going to see that hemisphere with the camera, and
the other part’s going to be in permanent shadow.

So that’s what made this a real challenge. We couldn’t just show up at any time. So that’s
why we were forced to have this longer mission so that we could actually show up at the right
time, wait for Psyche to actually get to the right orientation, and then when we get there, Carol
Polanskey and the mission navigation team came up with this really creative solution for having
orbits that were no longer ordered in terms of time by their altitude, but basically go down and
back up again as we achieve different objectives in a different order than we expected as we wait
for conditions to become optimal.

But in the end, we’re going to be able to meet all of our science objectives. Of course, it’s
going to cost a lot more because we have to take so much longer, and then that was, of course,
the biggest stressor, is convincing NASA that with an extra year, that we can actually get this
thing built in time and that the costs are acceptable to them. Those are the two big challenges,
technical and cost. Ultimately, they agreed, but they might not have. It could have easily been
something different. So we’re lucky. That pain is almost certainly being felt by other missions
that maybe are being delayed or even cancelled because of this, so we’re very grateful that they
let us get where we are, and thank god it’s working beautifully now. [laughs] So, yeah, again
another example of just JPL’s ability to take a deep dive.

There were other surprise technical problems during the year that made this really spicy
right up to the launch. I don’t know if you heard about the thermal problems, the cold gas

thruster.
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Q: Yeah.

Weiss: So it’s been a fun ride. Someone said this regularly in the mission and I’ve heard Lindy
quote this in some of her talks: “A successful spacecraft mission solves all thousand problems,
and an unsuccessful one only solves 999 of them.” So the question is, is there 1,001? That’s the
question. If you’re solving technical problems right to launch, it seems like the launch itself may
not be as special—why should I have some special observer status, that you would just happened
to have finished the last problem right before launch? But, I mean, this same thing I’m saying
applies to all spacecraft missions, not just ours, and somehow NASA managers to do it. It seems
they did it here, as far as I can tell, so I find that amazing that you can work up to the last minute
and yet still be regularly achieving high-level success. It’s a funny mix of—I don’t completely
understand that whole philosophy [laughs], how that works out, but it seems to be working out

beautifully.

Q: I think there has to be some hope, or you would never do anything. [laughter]

Weiss: Yes, and also I think maybe the answer to my question is JPL built in margin, and that’s

why they do that, because they know they can’t get everything, so they go beyond what they

think they need and then hope that that’s going to save them in the moments when they need it.

Q: Everyone hides their margins from everyone else so it can’t be taken away.
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Weiss: Yeah, and you can see that in a micro scale all the way throughout the mission
development as they burned margin for various things, but then there’s just the performance
itself has margins. It’s not just that we’re going to make sure there’s two extra months beyond
when we say we need to build this, but also if we build it to print, have we built it to this spec?
You don’t need to operate at that spec. You need 20 percent margin on that spec in order for it to
work. So this philosophy of, again going back to system engineering, how to approach and
balance risk is an amazing approach to thought. I mean, just the whole idea of a risk matrix is

really fascinating to me. And it works.

Q: And it works. So far, it’s working. So far, it’s working. [laughs] We can just hope.

I didn’t ask you who your payload manager was.

Weiss: Kalyani Sukhatme. She’s fantastic. Then it became Noah Warner, who’s also fantastic.

Q: Very good.

Weiss: She’s now deputy project manager for the Mars sample return lander.

Q: Tell me what the launch day felt like after your year of semi-panic trying to get it re-planned.

Weiss: Yeah. Because we were working up to the last minute with the cold gas thruster issues, it

was hard—Ilike maybe a few days before, I don’t think anyone who was really deeply involved in
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that, like had any perspective at all. They were just rushing to get this done, and it didn’t feel
exhilarating at all, did not feel like a celebration to me.

Then I think a blessing in disguise is that they decided they needed another week to make
sure that their proposed solution to the cold gas thruster problem didn’t have any unintended
consequences. Those people who were working on that part were basically working very hard,
and it was like JPL at its best, like basically people staying all night, an intense team of
engineers, several dozen people.

But for me, you know, [ was participating in some of the discussions, but suddenly with
the extra week there was a chance to actually take a step back at that point, and that gave me, and
I know also Lindy and other people, we suddenly had a chance to actually go, “Whoa! We’re
actually about to launch this thing,” and get excited about it.

Then what was really helpful [laughs] was that the day we planned to launch it was such
bad weather that they had to scrap the launch again, even after a week delay. The spacecraft
tower got struck got lightning; there were tornadoes. It was, like, ridiculous and also, like, so in
family with everything else we’d been dealing with up to that point. Again, we had another day
to just relax, and by the time launch happened on the next day, a beautiful sunny day, everyone
was in the mood and ready to appreciate it, because we actually had planned all of our work to
end a few days earlier, so whatever work schedule you’re going to put together for this, it’s
always going to end right at the last second, unless suddenly you’re told right at the last second
you’ve got an extra day. [laughs] So that’s exactly what happened here, so that allowed us to

enjoy it in a way that we never would have permitted ourselves to do.
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So it was fantastic having family and friends down there. A lot of our family and friends
couldn’t make it when they rescheduled, but even the relatively core group that made it down

there was super fun. I’m assuming you’ve been to a launch.

Q: Yeah.

Weiss: So, like, the full-body experience of a launch is hard to describe to someone who hasn’t
seen it, with the shockwave and the incredible bright light and the awesome power of humanity’s
achievements on display like that. We were all in a great mood by the time—because we had a

chance to actually take a step back and appreciate it, so it was a fantastic launch.

Q: What’s your science team doing during cruise?

Weiss: We turned on the magnetometer on day five after launch, the first instrument to turn on,
one of the first spacecraft components to turn on, because we need to basically see the magnetic
field signatures of the rest of the spacecraft in order to correct for them since they’re one of our
main noise sources for detecting the asteroid magnetic field. We turned on early so we could
watch everything else turn on and measure their signatures. So we’ve been doing that.

We’ve also just started detecting CMEs, coronal mass ejections, so we can see solar
storms, essentially. So we’re going to basically work with some of the other spacecraft that are in
orbit around the Sun and Earth to help build better models of space weather, and that’s
interesting not just from the perspective that people think of on the Earth, where it’s like

satellites, protecting communications, that kind of stuff. We need to know how the solar wind,
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the supersonic plasma that radiates out from the Sun in all directions and bathes all the planets in
the solar magnetic field. We need to understand that process in order to be able to detect the
asteroid’s magnetic field when we get there.

That’s the magnetometer Level 1 objective, key objective, to see whether Psyche’s
magnetized or not, which would indicate that it had once generated a magnetic field and that that
field is now recorded in the form of a fossil or echo in its cold outer layers. To see that present-
day remanent magnetic field, we need to understand how it responds to the solar wind. By
understanding how the solar wind changes as a function of distance from the Sun, which we’ll
be doing during cruise, we’ll be able to make predictions of the solar wind at Psyche. This will

really help us search for the asteroid’s intrinsic magnetic field.

Q: So you need to know a lot about not just the spacecraft, but its environment on the way to

Psyche in order to finally do what you want to do when you get to Psyche. [laughs]

Weiss: Yes, [unclear] [00:46:24].

Q: I remember long ago with Mars Observer, one of the big complaints was there was no money

to fund that kind of study with the magnetometer, so they were in the situation of not

understanding the spacecraft magnetic field.

Weiss: Yeah. [laughs]

Q: But it sounds like we no longer make that mistake.
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Weiss: Yes. Because magnetometry is such a critical component of the mission—it’s a Level 1
objective. But if we don’t detect Psyche’s magnetic field with the sensitivity that we proposed,
our mission’s declared a failure. [laughs] So we’re not required to detect a magnetic field for
success, because it very well may be that Psyche doesn’t have one, or it could be the most
magnetic object we’ve ever encountered in deep space, which is exciting. But we’re not required
to detect the magnetic field; we’re just required to be able to be sufficiently sensitive that if it
were beyond a certain level that we would detect it. In other words, we have a sensitivity of

value x. Does that make sense?

Q: Yeah. You essentially have to be able to show that the magnetic field, if it exists, can’t exceed

a certain threshold or you would have measured it.

Weiss: Exactly.

Q: Okay. So I guess we’re about out of time. My last question you’ve kind of already answered,

but I’ll ask it in a general sense. What do you hope to find when you get to Psyche? I mean,

what’s your best possible outcome?

Weiss: The asteroid field is so magnetic, we get stuck to the asteroid like a refrigerator magnet.

[laughter] No.

Q: That would be interesting. [laughter]
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Weiss: Talk about the bad press NASA would get in that case. [laughter] So, yeah, if we see a
magnetic field, that would be intrinsic to the asteroid. That would be fantastic. No one’s ever
detected an asteroid magnetic field before. We see evidence in this in meteorites, as we discussed
when we started this conversation. To actually see it now in an actual intact asteroid actually
would be historic, and it would also provide really strong evidence that Psyche did form as a
core.

We actually took bets. When we were at the launch, we got the magnetometer team
together, like ten of us, and asked each person, “What do you think we’re going to see?”
Everyone thought we were going to see a magnetic field from an ancient core dynamo except for
me. Carol Polanskey thought that we’d find one, but only after like two years of hard work
teasing it out of the data. I predicted that we would see magnetization but produced by the solar
nebula rather than by the asteroid [laughs]. So we’ll see what happens. Most people think that
you go to a metal asteroid, that’s what you’re going to see. You’d better bring a magnetometer
with you or that’s like the ultimate fail. There was supposed to be a magnetometer on Dawn, so a
lot of people regret that it was taken off. I think the community would have had a fit if we sent a
spacecraft to a metal asteroid and didn’t bring one with us. [laughter] Anyway, hopefully it’s
magnetized. Like I said, I think it’d be more fun if it was magnetized instead of not, but we’ll see

what we get.

Q: You’re suggesting that you think it might be not. Would that be because the fields on the

meteorites we have are so small?
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Weiss: Yeah. I’ve seen lots of meteorites that are formed on bodies that melted that aren’t
magnetized, and I see other ones that are, and then there’s all kinds of ways a body could
generate a magnetic field that wouldn’t be recorded or that at least we couldn’t see from orbit.
So maybe I'm just too deep into the nerddom of remnant rock magnetism and pathological ways
materials can not become magnetized, that I’ve psyched myself out, not to use a pun that’s
apropos here for our mission. So maybe I’ve overthought it or maybe I’m just trying to prepare

myself for the excitement of actually seeing it. We’ll see what the psychology is here.

Q: All right. Fair enough. It’s time to stop, and I will get a transcript to you in a couple of weeks,

most likely. All right. You may have to send me the recording. I’'m not sure.

Weiss: I didn’t record at all, actually. My record button does not click.

Q: But I got permission from you to do it, so it’s recording.

[End of interview]
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