OBS: Denne transkripsjonen er laget av en automatisk tekstetjeneste og kan derfor inneholde sma feil.

00:00.509 --> 00:09.974
[SPEAKER 02]: Hello everyone, and welcome to the first episode of Shaking Matters, an investigation into materials
science and sustainability with me, Shibl Gill.

00:11.635 -->00:25.043
[SPEAKER 02]: I am currently in Oslo, Norway, on a lovely snowy day, sitting at the offices of Sintef, and today I'm
joined by Dr. Eduardo Fertitta and Dr. Espen Sagvolden.

00:26.033 --> 00:28.777
[SPEAKER 02]: And today we'll be talking about ab initio methods.

00:29.458 --> 00:32.241
[SPEAKER 02]: We'll learn a little bit more about what those are in a bit.

00:32.742 --> 00:38.470
[SPEAKER 02]: But first I'll ask my guests to introduce themselves and to tell us a little bit more about their
backgrounds.

00:39.011 -->00:41.133
[SPEAKER 02]: So first I'll ask Dr. Eduardo.

00:42.312 --> 00:43.933
[SPEAKER 00]: Hi Eschebel, thank you so much for having us.

00:45.514 --> 00:48.456
[SPEAKER 00]: Yes, a quick background introduction about myself.

00:48.836 --> 00:51.057
[SPEAKER 00]: So I am a chemist by training.

00:52.518 -->01:10.808

[SPEAKER 00]: I have a PhD in theoretical chemistry and ab initio modellings that I obtained from the University of
Berlin, the Freie, following to which I did a finished postdoc at King's College London in the same topic with particular
focus on strongly correlated materials.

01:12.447 --> 01:24.300
[SPEAKER 00]: Just prior to joining Sintef in 2021, I also had an industrial experience where I learned a bit more about
battery materials in particular.

01:24.760 --> 01:28.284
[SPEAKER 00]: That is something that I carried out in my work here at Sintef.

01:30.223 --> 01:54.719

[SPEAKER 00]: Here I'm dealing with ab initio modeling in a plethora of different projects, one of which is the one we
probably will talk about more today, it is the FAM projects, others more focused on, again, batteries and semiconductors
and catalysts and a variety of material of technological interest.

01:55.618 -->01:56.158
[SPEAKER 02]: Fantastic.



01:56.319 -> 01:56.719
[SPEAKER_02]: Thank you.

01:56.979 --> 01:58.300
[SPEAKER 02]: If I may call you Eduardo.

01:58.500 -->01:58.801
[SPEAKER 01]: Of course.

01:59.421 --> 01:59.801
[SPEAKER_02]: Brilliant.

02:00.282 --> 02:02.383
[SPEAKER 02]: And we also have Dr. Espen.

02:02.884 --> 02:03.084
[SPEAKER 01]: Yes.

02:03.864 --> 02:05.125
[SPEAKER 01]: Thanks, Shibil, for hosting us.

02:06.106 --> 02:07.787
[SPEAKER 01]: Yes, my name is Espen Sagvolden.

02:08.648 -->02:19.196
[SPEAKER 01]: I have a PhD in physics, focusing on a theory called density functional theory from Tulane University
in the United States.

02:21.415 --> 02:40.042
[SPEAKER 01]: And after my PhD, I did a postdoc in theoretical chemistry, part in Karlsruhe, Germany, and part at
UC Irvine in the United States, after which I came here to Sintef.

02:41.540 --> 03:02.177
[SPEAKER 01]: where I'm also, like Eduardo, working in the area spanning from quantum chemistry to computational
solid state physics, and in part also on the implementation of quantum chemistry methodology into solid state physics.

03:03.365 -->03:03.986
[SPEAKER 02]: Fantastic.

03:04.646 --> 03:06.008
[SPEAKER 02]: Thank you very much to both of you.

03:06.348 -->03:12.854
[SPEAKER 02]: I recognise that your time is very important and it's going to be an interesting conversation today.

03:14.256 --> 03:19.561
[SPEAKER 02]: So first, why don't we start with you telling us a little bit more about Sintef?

03:22.270 --> 03:28.912
[SPEAKER 01]: Yes, so SINTEF is one of Europe's largest independent research institutes.

03:30.072 --> 03:37.275
[SPEAKER 01]: For those familiar with the German institutes, it may have most in common with Fraunhofer.



03:38.375 -->03:49.939
[SPEAKER 01]: So it is an institute which does both basic science and more industrially related science for industrial
clients.

03:51.797 --> 03:59.804
[SPEAKER 01]: We have about 1,500 scientific employees, if I'm not mistaken, of which more than half have PhDs.

04:01.305 --> 04:14.436
[SPEAKER 01]: It covers very wide ranges of science spanning from the areas where we work, which would be more
material science, material physics, chemistry,

04:16.858 --> 04:19.721
[SPEAKER 01]: various technologies towards the green shift.

04:19.861 --> 04:24.845
[SPEAKER 01]: I mean, fuel cells and photovoltaics and batteries and so on.

04:26.186 --> 04:38.857
[SPEAKER 01]: Going away from our area, we also have an energy department which focuses more on large energy
systems.

04:40.716 --> 04:50.587
[SPEAKER 01]: We have a buildings institute which focuses on building science, so engineering basically.

04:51.589 -->05:00.419
[SPEAKER 01]: And also an ocean institute which focuses on marine technologies like fish farming and so on.

05:02.085 --> 05:12.689
[SPEAKER _00]: Of course, any simulation is only as good as your understanding of the problem and the initial
condition that you do provide to your computer code.

05:13.549 -->05:21.032
[SPEAKER 00]: And it is, as I've mentioned, limited by computer resources and by the time that you need.

05:21.632 --> 05:28.095
[SPEAKER _00]: So to the question if anything can be simulated, there is...

05:29.492 --> 05:52.859
[SPEAKER 00]: no limit in principle, but there is of course some practical limit that is definitely due on how accurate
are we actually able to model the problem at hand and on the other hand, the computational resources necessary.

05:56.118 --> 05:59.460
[SPEAKER 02]: So we've mentioned the word ab initio now a couple of times.

06:00.620 --> 06:02.421
[SPEAKER 02]: Edoardo, what does it actually mean?

06:02.441 --> 06:04.642
[SPEAKER 00]: Ab initio.

06:05.542 --> 06:07.143
[SPEAKER 00]: So ab initio

06:08.220 --> 06:14.701



[SPEAKER _00]: literally comes from Latin, and the term literally means from the beginning, so from first principle.

06:15.381 --> 06:36.805

[SPEAKER 00]: And it simply refers to the notion when applied to modeling that we can simulate or predict something
simply based on those initial conditions I was talking about that comes straight from first principle, straight from some
natural and very basic understanding of nature.

06:38.002 --> 06:47.592
[SPEAKER 00]: A typical example is in our case of ab initio atomistic modeling, the knowledge of electrons are
charged.

06:48.072 --> 06:55.980
[SPEAKER 00]: They behave like charged particles and they have a specific 1.6 to the time minus 19 coulomb of
charge.

06:56.861 -->07:01.943
[SPEAKER 00]: and they do behave like waves, and protons have a positive charge opposite to it.

07:02.383 -->07:08.326
[SPEAKER _00]: I put these three elements together, and I'm able to predict the atomic level of the hydrogen atom.

07:09.166 --> 07:12.447
[SPEAKER 00]: This is the most basic definition of ab initio I can give.

07:12.867 -->07:16.329
[SPEAKER 00]: Building on top of that comes the whole field that arrives to predict.

07:17.486 --> 07:26.531
[SPEAKER 00]: structure of very complex crystals or enzymes or anything you can imagine is based on chemistry.

07:27.151 -->07:37.557
[SPEAKER 02]: So currently, what are you able to simulate using just purely ab initio methods, given the accuracy that
they provide?

07:38.037 --> 07:42.680
[SPEAKER 02]: So what kinds of systems have you been able to model quite effectively?

07:43.317 -->07:51.025
[SPEAKER 00]: So the limit is definitely given by size and complexity and by the computer power that is available.

07:52.026 --> 08:04.439
[SPEAKER 00]: And I would say that at the state of the art we find ourselves in, small or medium sized molecules, for
instance, can be routinely done with arbitrary accuracy.

08:05.360 --> 08:31.973

[SPEAKER 00]: However, as we start moving into territories or more larger, even biomolecules, so we get into
periodic systems, for instance, the ones of interest we mentioned a few times, like batteries or ferroelectrics or things
like that, that do contain large atoms with several electrons and very complex electronic interaction effects.

08:32.253 --> 08:37.957
[SPEAKER 00]: then the situation starts to become much more challenging and we start really hitting a wall.

08:38.397 --> 08:42.079
[SPEAKER 00]: So I would say, yeah, I would say nothing.



08:43.940 --> 08:50.124
[SPEAKER 02]: So it sounds like we're in the regime of the very, very small, perhaps even in the quantum regime.

08:50.684 -->09:01.011
[SPEAKER 02]: So in these systems that Eduardo is talking about, atoms and molecules, when we talk about
simulating those systems, what exactly are we looking to find?

09:02.756 -->09:13.462
[SPEAKER 01]: What we are looking to find is, of course, the values of certain physical properties, quantities, known
as observables.

09:14.480 --> 09:22.325
[SPEAKER 01]: But what we in practice are computing is a quantity known as the wave function.

09:22.985 -->09:40.276
[SPEAKER 01]: Because, I mean, when you get down to the scale of electrons, atoms, molecules, I mean, many of the
computations we're doing are on cubes or of the scale of a couple of cube nanometers or something like that.

09:41.016 --> 09:50.506
[SPEAKER 01]: then Newtonian mechanics, as most of us know it, no longer apply, especially not to the electrons.

09:50.846 -->09:53.809
[SPEAKER 01]: There are completely different rules of nature applying.

09:55.151 -->10:03.599
[SPEAKER 01]: The wave functions and also the nuclei, by the way, are expressed or behave more as waves.

10:05.481 -->10:08.363
[SPEAKER 01]: in a mathematical object known as the wave function.

10:09.324 --> 10:29.041
[SPEAKER 01]: And the behavior of the wave function, both the states it can be in, which in many cases are discrete
states, and also its time evolution, are governed by something called the Schrodinger equation.

10:30.961 --> 10:47.254
[SPEAKER 01]: And finding the wave function based on this Schrodinger equation is really a very multidimensional
mathematical problem.

10:47.714 --> 10:56.981
[SPEAKER 02]: So Espen, myself included, I think many of us have seen the Schrodinger equation and might even
have worked with it to some extent.

10:58.082 --> 11:03.704
[SPEAKER 02]: So why is it so difficult to solve given that it fits quite nicely on one line?

11:03.724 -->11:09.627
[SPEAKER 02]: And why is it so important for us to solve this equation in order to do our simulations?

11:10.834 -->11:15.198
[SPEAKER 01]: Yes, solving the Schrodinger equation for one particle is easy.

11:15.819 --> 11:22.065
[SPEAKER 01]: I mean, that's like undergraduate textbook stuff with the hydrogen atom and so on.



11:23.987 --> 11:29.593
[SPEAKER 01]: What lends complexity to the problem is the electron-electron interaction term.

11:30.811 --> 11:40.452
[SPEAKER 01]: Without the electron-electron interaction term, you could actually express the wave function as one
quite simple mathematical object.

11:41.891 -->12:08.383

[SPEAKER 01]: That, however, becomes impossible once the electrons start repulsing each other, in which case you
really, in today's methods, have to express the wave function with a very high mathematical degree of complexity in
order to really account for the ways in which electrons avoid each other.

12:09.264 --> 12:25.923
[SPEAKER 01]: and this is very important because it is only when you see the electron-electron avoidance in the wave
function that's sort of what gives many of the

12:27.604 --> 12:31.425
[SPEAKER 01]: physical properties of the actual system.

12:31.505 -->12:39.626
[SPEAKER 01]: I mean, in the sense that it gives the energies and implicitly also many of the other observables.

12:43.887 --> 12:54.589
[SPEAKER 02]: So we've talked about doing these simulations on big, enormous computers, but why don't we just go
to an instrument or a lab

12:56.700 --> 13:08.231
[SPEAKER 02]: and run our experiments there and try and model how a system is going to evolve and get it directly
from an experimental apparatus?

13:10.353 --> 13:16.579
[SPEAKER 00]: Well, to answer this, I would look at what actually models are doing for us.

13:18.638 -->13:19.898
[SPEAKER 00]: To me, the answer is threefold.

13:20.539 -->13:33.123
[SPEAKER 00]: On one side, it's computer models, ab initio or not ab initio, that they are, do the exact same thing that
we've always been doing since the beginning of science, when time to interpret data.

13:33.703 --> 13:56.729

[SPEAKER 00]: If you have a set of experimental data that you need to understand and make sense of, in general, you
feed those data or try to interpret those data through some physical law or through some linear or nonlinear fit that
comes from a simple or complex understanding of reality.

13:57.629 --> 14:01.410
[SPEAKER 00]: What we do here is just a build up on top of that.

14:02.248 --> 14:11.491
[SPEAKER 00]: So now our equations are more complex than a very simple or compact linear or exponential form that
it might be.

14:12.651 --> 14:23.315



[SPEAKER 00]: They actually do require not to, they cannot be expressed as a simple equation or a simple trend, but
they do require to be in data form, data form that comes from the modeling itself.

14:23.695 --> 14:26.295
[SPEAKER 00]: But in my mind, it is the exact same thing.

14:26.756 --> 14:31.217
[SPEAKER 00]: You still construct this model that is now a bit more complex to interpret experimental data.

14:32.341 --> 14:41.905
[SPEAKER 00]: On the other hand, a second importance of performing modeling is that it actually allows you to do
things that you couldn't do experimentally.

14:41.925 --> 14:53.831
[SPEAKER 00]: There are a number of properties that you can indirectly gather but not directly measure, while through
ab initio modeling you can really create this lens.

14:54.551 --> 14:57.114
[SPEAKER 00]: provided, of course, that your model is accurate.

14:57.554 --> 15:07.284
[SPEAKER 00]: But you can really have this lens over the quantum and over the atomistic world and really get the
number and the properties that you wanted without too much hassle.

15:07.544 --> 15:09.606
[SPEAKER 00]: And actually, sometimes you actually can't.

15:10.464 --> 15:13.506
[SPEAKER 00]: And the third thing is cost and time.

15:14.227 -->15:19.291
[SPEAKER 00]: Often experiments are extremely costly and extremely time consuming.

15:19.871 --> 15:28.258
[SPEAKER 00]: And especially when the question that is given to us is find a new, better material for a special
application.

15:28.818 -->15:39.606
[SPEAKER 00]: Now, scanning, as we say, or trying and testing a bunch of different materials experimentally starts
becoming prohibitive, where it is much of...

15:40.684 --> 15:48.053
[SPEAKER 00]: much more easily achievable through what we call high-throughput scanning of material for
computation.

15:48.394 --> 15:56.243
[SPEAKER 00]: So to me, the importance of modeling really comes from these three things together.

15:59.226 -->16:13.173
[SPEAKER 00]: This, of course, doesn't take away the fact that some people sustain that experiments are still going to
be carried out and they're still the cornerstone of scientific development.

16:13.413 --> 16:15.955
[SPEAKER 00]: We do need experiments because those are really



16:16.852 --> 16:24.221
[SPEAKER 00]: The truth, the experimental data is really how reality and how the natural world is actually behaving.

16:24.641 --> 16:34.172
[SPEAKER _00]: But this support and this guideline given by this sort of digital twin, if you want, are key for actually
pushing the boundaries as possible.

16:34.730 --> 16:50.437
[SPEAKER 02]: So it sounds like having the ability to model these systems on a computer or on a very powerful
computer is a very important piece of kit in the armour of material science.

16:50.517 -->17:00.102
[SPEAKER 02]: It allows you to do science which would otherwise be very difficult to do or out of reach or in some
cases even impossible.

17:03.997 --> 17:09.800
[SPEAKER 01]: If I can elaborate on what Eduardo has already said.

17:11.260 --> 17:24.326
[SPEAKER 01]: For instance, when it comes to using theory as a model, so to speak, for interpreting experiments, you
can see this in spectroscopies, for instance.

17:24.986 --> 17:49.236

[SPEAKER 01]: I mean, people run IR spectroscopy or UV visual spectroscopy, they get out the spectrum, but then it
has become customary to then run a computation, a quantum chemistry computation, in order to assign sort of, okay, so
this peak is this vibration and that peak is that vibration.

17:50.810 --> 18:01.637
[SPEAKER 01]: There is also, I think, the element that some stuff, [ mean, you don't want it in your lab.

18:01.657 --> 18:07.940
[SPEAKER 01]: You don't want material from nuclear reactors, for instance, in your microscope.

18:10.081 --> 18:14.144
[SPEAKER 01]: But it's completely fine to run it theoretically.

18:16.079 --> 18:25.382
[SPEAKER 01]: One further aspect of theoretical computations is that you can actually do counterfactual things.

18:27.603 --> 18:33.145
[SPEAKER 01]: Maybe in nature you won't find this surface because it's too reactive.

18:33.185 --> 18:39.007
[SPEAKER 01]: You won't find atoms going into some area because it's energetically unfavorable.

18:39.647 --> 18:44.129
[SPEAKER 01]: But when running a computation where you can dictate

18:45.731 --> 18:49.643
[SPEAKER 01]: the chemical environment dictate the position of the various atoms.

18:50.044 --> 18:51.709
[SPEAKER 01]: You can actually simulate that case.



18:56.641 --> 19:11.047
[SPEAKER 02]: So it seems to me that in order to be able to do good computer simulations of these systems in physics
or chemistry, it requires a number of very complex physics problems to be solved.

19:11.648 --> 19:22.752
[SPEAKER 02]: So can you give us a brief history of trying to model these systems computationally and in what areas
they've been useful?

19:24.391 --> 19:39.287
[SPEAKER 01]: Yes, so you can say the earlier methods within the area, those are methods where the electrons are
basically described as...

19:41.209 --> 19:44.472
[SPEAKER 01]: interacting with the other electrons only in an average way.

19:44.532 --> 19:49.256
[SPEAKER 01]: They feel some sort of average potential, average interaction with the other electrons.

19:49.736 -->20:01.186
[SPEAKER 01]: So then you avoid this problem that we spoke about earlier, that it's the electron-electron interaction
which messes up the entire solution of the Schrodinger equation.

20:02.327 -->20:07.951
[SPEAKER 01]: And you get a relatively simple solution of the problem.

20:08.752 -->20:22.970
[SPEAKER 01]: Of course, this approximation can only be so good, sort of, in that it doesn't explicitly take into
account most of this electron-electron avoidance.

20:24.088 -->20:38.784
[SPEAKER 01]: So then going past that, you could say that the history of computational quantum chemistry,
especially, branches into two directions.

20:40.486 -->20:43.969
[SPEAKER 01]: One is adding complexity to the wave function.

20:44.847 -->20:55.500
[SPEAKER 01]: so that it to a larger and larger extent actually explicitly expresses how the two electrons, or many
electrons, avoid each other.

20:57.338 -->21:15.947
[SPEAKER 01]: The other is this area known as density functional theory, where what you compute is actually even
simpler than the wave function, simply the average particle density, the electron density and its spatial distribution.

21:16.547 -->21:19.569
[SPEAKER 01]: But then you can... Well, there are different...

21:20.626 -->21:35.610
[SPEAKER 01]: approaches in DFT, but you can say that some of the physically more grounded approaches may in
some cases involve that you superimpose a model of how electrons avoid each other onto this density.

21:37.351 -->21:49.794
[SPEAKER 01]: So both these wave function methods that I mentioned in the start and DFT are used in quantum



chemistry, whereas in computational solid state physics it's mostly DFT which is being used.

21:53.311 -->22:13.041

[SPEAKER 00]: So there is a plethora of methods, there is really a zoo of methods, and in many cases it has happened,
as the kind of Aspen was mentioning, there's been a natural historic evolution from less accurate to more accurate, but
nowadays it's not necessarily the case.

22:13.221 -->22:13.862
[SPEAKER 00]: Oftentimes

22:14.622 -->22:21.127
[SPEAKER 00]: we do prefer to use one method or another depending which kind of system we are describing.

22:21.667 -->22:37.738
[SPEAKER 00]: If I am interested in describing a molecular system, I'm not going to apply the same methodology that
I would if I have, say, a solid state system with strongly correlated transition method.

22:38.378 -->22:46.605
[SPEAKER 00]: and it's the same, I wouldn't apply the same system that I use for a periodic solid system that doesn't
contain the strongly correlated material, the strongly correlated sites.

22:47.185 -->23:06.101

[SPEAKER 00]: So there is, oftentimes, there is a tool for the problem at hand, and it's true that those tools are evolving
over time and they're improving over time, but there is always a, we really have a arsenal at our disposal, and depending
on what we need to do, we'll make a choice of exactly what to use.

23:10.905 -->23:20.476
[SPEAKER 02]: So if you were to be able to find the full description of the wave function, would it be fair to say that
then you can describe the whole solid?

23:22.479 -->23:41.928
[SPEAKER 01]: No, because you can say when we do computations in solid-state physics, what we assume is that we
have many, many small identical building blocks that repeat infinitely in all three spatial directions.

23:42.648 -->23:46.150
[SPEAKER 01]: So you're basically assuming a perfect crystal.

23:47.541 --> 23:50.844
[SPEAKER 01]: And that's not the way nature is.

23:50.945 -->23:55.910
[SPEAKER 01]: I mean, you have all sorts of defects in a crystal.

23:57.051 -->23:58.452
[SPEAKER 01]: It might be impurities.

23:59.233 -->24:02.877
[SPEAKER 01]: It might be grain boundaries.

24:03.617 --> 24:04.498
[SPEAKER 01]: It might be anything.

24:05.579 --> 24:17.708
[SPEAKER 01]: And many physical properties such as, say, electrical conductivity, thermal conductivity, which is the



theme of the fund project, for instance.

24:17.768 -->24:29.477
[SPEAKER 01]: I mean, they are multi-scale phenomena and also these higher size scale effects.

24:30.214 --> 24:41.317
[SPEAKER 01]: will have profound influence on these physical observables that we cannot model within our approach.

24:45.478 -->24:47.539
[SPEAKER 02]: So that sort of begs the question,

24:49.417 -->25:00.304
[SPEAKER 02]: So far, and in a typical case, how do ab initio computational methods compare with experimental data
that's been gathered?

25:00.924 -->25:04.166
[SPEAKER 02]: And if there's a gap, how wide is the gap?

25:06.323 -->25:10.365
[SPEAKER 00]: As often with this kind of question, the answer is it depends.

25:11.786 --> 25:24.834
[SPEAKER 00]: And it really does depend mostly on the scale of interest of your phenomena that you're trying to
describe and of the size of the system itself that you're trying to model.

25:26.224 -->25:50.185

[SPEAKER 00]: If your question is, for instance, can you model the energy levels of an atom or a small molecule, so
the electronic energy levels or even vibrational levels, I would tell you with confidence that we are very, very, very,
very close to the exact answer, almost hitting the exact answer with arbitrary accuracy.

25:52.143 --=>26:10.591

[SPEAKER _00]: If now your system of interest starts becoming something much larger, and as it was mentioned at
some point, you start having, for instance, imperfections, say it's a solid and you start having imperfections, and the
presence of those imperfections has an effect on the final property you're trying to measure.

26:11.971 -->26:14.132
[SPEAKER 00]: Or say something a bit more complex.

26:14.172 -->26:20.995
[SPEAKER 00]: Say you want to get catalytic activity, for instance, of a surface.

26:21.796 --> 26:25.858
[SPEAKER 00]: And this is not a clean cut surface, but for instance, it's something very rough.

26:26.958 -->26:32.264
[SPEAKER _00]: that contains a lot of imperfections and it's a very heterogeneous material.

26:32.864 -->26:44.156
[SPEAKER 00]: Now, being able to capture all of the different pathways that a reaction could have on such complex
system

26:45.257 -->26:47.079
[SPEAKER 00]: it's nearly impossible for modeling.



26:47.139 -->26:52.345
[SPEAKER 00]: We can get the main trend perhaps.

26:53.966 -->26:58.992
[SPEAKER 00]: But again, it really depends on what are you trying to model.

26:59.332 -->27:04.077
[SPEAKER 00]: Now, statistical or thermodynamical averages, [ would say you can

27:04.978 -->27:10.940
[SPEAKER 00]: you can pretty much get with confidence, but it's a very wide subject.

27:11.060 --> 27:28.746
[SPEAKER 00]: But anyway, so this is kind of to say that fundamental principles, so actually properties that depends
on fundamental principles are fairly accurately described.

27:29.693 -->27:40.515
[SPEAKER 00]: properties that depend on the specifics of the micro or macro scale details of my materials.

27:41.535 -->27:46.616
[SPEAKER 00]: Those, of course, are, through ab initio modeling, out of reach at the moment.

27:47.537 --> 27:47.857
[SPEAKER 02]: Right.

27:48.397 -->27:54.218
[SPEAKER 02]: But that is not to say that more work in the field cannot help close the gap.

27:55.398 -->27:56.298
[SPEAKER 00]: No, absolutely not.

27:58.079 --> 27:58.639
[SPEAKER 00]: It is, of course,

28:00.036 --> 28:06.842
[SPEAKER 00]: There are, of course, two major directions that the field constantly moves and rides along to.

28:07.603 --> 28:15.049
[SPEAKER 00]: One being the computational power that is constantly increasing, something like doubling, doubling or
quadrupling every single year.

28:16.310 --> 28:22.315
[SPEAKER 00]: And the other is the development of more efficient and yet more accurate methodologies.

28:23.376 --> 28:25.137
[SPEAKER 00]: These two things, of course, go hand by hand.

28:26.335 --> 28:55.391

[SPEAKER 00]: and the systems that we can model today were a dream or impossibility a few years ago and what we
cannot model today it will be routine in a few years this this is constantly ongoing all over all all fields of the of material
modeling so there definitely will be a point where we'll be able to model something that now i would say yeah maybe
maybe let's maybe let's avoid that

28:58.300 --> 29:04.443



[SPEAKER 02]: And how is the fun project that you're both involved in, how is that helping to close this gap?

29:06.104 --> 29:06.224
[SPEAKER_00]: So,

29:07.322 -->29:18.849
[SPEAKER 00]: So far in our discussion, we have been talking a lot about the electronic problem, how electrons
interact and how this whole electronic wave function can or cannot be obtained.

29:20.410 -->29:30.737
[SPEAKER 00]: But in the FAM project, we are interested in getting out a proper description of the thermal
dependencies of key properties of materials.

29:32.129 -->29:40.304
[SPEAKER 00]: In order to get that, you need to not only have a proper description of electronic interaction, but also to
have a proper description of the nuclear wave function itself.

29:41.583 -->30:08.616

[SPEAKER 00]: And what we will do is that we will use some new techniques that have been developed in the field
that move beyond what is currently available in standard ab initio codes, mostly based on perturbation theory, and
couple those with very fine-tuned neutral scattering experiments to really push forward the understanding

30:10.017 -->30:21.532
[SPEAKER 00]: of not only the understanding of these physical phenomena, but actually get a computational platform
that can allow us to predict new materials that have not been discovered yet.

30:22.774 --> 30:45.895

[SPEAKER 02]: Right, so it seems like you have a computational arm in this fun project and an experimental arm and
then in the middle you try and meet and reconcile the differences in the data and try to apply statistical methods to have
a better understanding of where the shortcomings are in the computational model and where it can be improved.

30:47.396 --> 30:47.976
[SPEAKER 00]: You can say that.

30:54.132 -->30:56.995
[SPEAKER 01]: Yes, you can say in many ways.

30:57.055 -->31:10.047
[SPEAKER 01]: So from our side, what we're doing, as Eduardo said, we're using new methodologies and it's important
for us to have those.

31:11.629 -->31:13.790
[SPEAKER 01]: verified by experiment.

31:14.931 -->31:24.838
[SPEAKER 01]: This is typical within the area of computational, well, both chemistry and solid state physics.

31:25.919 -->31:32.683
[SPEAKER 01]: In the end, I mean, the natural sciences are empirical sciences.

31:33.761 -->31:42.548
[SPEAKER 01]: And if a theory cannot reproduce nature, then something is wrong in the theory.

31:44.209 --> 31:44.970



[SPEAKER 01]: So also here.

31:45.851 -->31:56.799
[SPEAKER 01]: So it's crucial for us to have a good experimental verification of those phenomena.

32:00.419 -->32:07.822
[SPEAKER 01]: in our case, heat transfer or heat transport phenomena that we are trying to model.

32:08.582 -->32:19.766
[SPEAKER 01]: And I mean, having that experimental verification would give us confidence to apply these models
also to other systems later on.

32:21.206 --> 32:21.466
[SPEAKER 02]: Right.

32:21.946 -->32:29.389
[SPEAKER 02]: So once you are able to close this gap between computational modeling and experimental

32:30.446 -->32:35.711
[SPEAKER 02]: physics, what are the advantages that you foresee for the industry?

32:36.011 -->32:48.081
[SPEAKER 02]: Does it mean that you might be able to model more and more complex systems computationally,
perhaps be able to discover more materials?

32:48.361 --> 32:49.262
[SPEAKER 02]: What could you say on that?

32:51.424 -->32:52.085
[SPEAKER 01]: Absolutely.

32:52.285 -->33:03.117
[SPEAKER 01]: I mean, if you can have confidence in your theoretical model, that also means that you can go on
larger computational campaigns.

33:03.177 -->33:09.904
[SPEAKER 01]: But I think it sort of goes a little bit beyond that also, in that once you gain...

33:11.543 -->33:20.190
[SPEAKER 01]: theoretical insight, for instance, in the relative importance of various physical phenomena.

33:20.931 -->33:30.079
[SPEAKER 01]: That also gives you, well, so to speak, the intuition to know in which direction to move when they try
to improve something.

33:32.935 -->33:41.800
[SPEAKER 00]: The investment that has been made in the past few decades into digitalization, not only to the
academic sector, but more importantly, to the industrial sector is

33:42.717 --> 33:44.058
[SPEAKER 00]: extremely massive.

33:44.959 -->33:54.626
[SPEAKER 00]: And this should have something to say about the importance of the role that experts like us are playing



in the development of new materials.

33:54.646 --> 34:07.677
[SPEAKER 00]: There's a wide range of applications, of course, ranging from electronics all the way down to energy
storage, energy production,

34:08.337 -->34:31.650

[SPEAKER 00]: The huge investment that has been done in the past few decades, not only in academia, but especially
into industry, into digitalization and computational tools, it's really telling about the power of those approaches into
really pushing forward the industry and material development and material discovery.

34:32.948 --> 34:47.440
[SPEAKER 00]: And this ranges all over the spectrum of natural sciences and all over the spectrum of, for instance,
new renewable energies, whether it is for...

34:49.258 -->35:11.003
[SPEAKER _00]: energy storage or whether it is for energy production, whether we're dealing with finding new, for
instance, photovoltaic materials with higher efficiencies or batteries that can deliver with higher power and can have
higher energy densities.

35:11.723 -->35:25.308
[SPEAKER 00]: and can have higher fast charging, or whether it is for describing new catalysts that can help with
carbon capture, or finding new cleaner fuels.

35:25.969 --> 35:38.794
[SPEAKER 00]: These are all aspects that in a way or another are covered not only at Sintef, but in general in the
overall industrial and academic arena these days.

35:39.534 -->35:44.116
[SPEAKER _00]: particularly not experimentally and particularly in modeling.

35:44.516 --> 35:44.777
[SPEAKER 02]: Right.

35:44.917 -->35:50.919
[SPEAKER 02]: So the work that you're doing, it's touching not just material physics, but a whole number of fields.

35:51.620 --> 36:00.444
[SPEAKER 02]: And in particular, it's helping material physics become come onto the front line in fighting this climate
crisis that the world is facing.

36:01.705 -->36:07.727
[SPEAKER 02]: So it seems more important than ever that this work is supported and that

36:09.545 -->36:14.650
[SPEAKER 02]: people become more interested in it and governments continue to support your work.

36:17.632 -->36:33.143
[SPEAKER 01]: And you can say science, I mean, both experimental science and computational science on questions
having to do with the green shift are much wider than what you could, I mean, typically imagine.

36:33.183 -->36:37.627
[SPEAKER 01]: You would imagine that, okay, you're faced with a battery.



36:37.707 --> 36:41.590
[SPEAKER 01]: You simulate the battery's function, for instance.

36:42.610 -->36:45.113
[SPEAKER 01]: Same with a photovoltaic and so on.

36:45.534 --> 36:55.025
[SPEAKER 01]: And that's one thing, but there are so many other questions surrounding many of these technologies
that you don't immediately think of.

36:55.065 -->36:59.129
[SPEAKER 01]: So, for instance, I'm involved in a project where

37:00.451 -->37:05.194
[SPEAKER 01]: we're computing ice formation on windmills.

37:06.074 -->37:13.179
[SPEAKER 01]: So I mean it doesn't go directly to the function of the windmill but it's still a societal problem if you
have ice formation on the wings.

37:17.802 -->37:29.350
[SPEAKER 02]: So it's becoming more apparent that there are a number of arenas where successes in material science
are helping us in this fight against the climate crisis.

37:30.667 --> 37:51.454

[SPEAKER 02]: Another thing I've been very curious about, about your work here at Sintef, it seems like, well, at least
in the past, physicists would generally associate only with other physicists and same with researchers in other fields,
they tend to remain within their silos.

37:52.434 -->38:00.338
[SPEAKER 02]: But it seems like at SINTEF you have a renewed focus on a multidisciplinary approach to your
problem solving.

38:00.718 --> 38:13.004
[SPEAKER 02]: Do you have any insights on that or any examples of situations where you've worked with colleagues
from across the aisle, so to speak, to achieve better outcomes?

38:15.239 -->38:15.960
[SPEAKER 00]: Oh, absolutely.

38:16.180 --> 38:24.267
[SPEAKER 00]: This is something that is, as you mentioned, extremely encouraged at Simtep and for good reasons,
because we have

38:25.860 --> 38:32.804
[SPEAKER 00]: an ever-growing number of experts in almost any field of natural science that you can imagine.

38:34.204 --> 38:48.331
[SPEAKER 00]: Collaborations with, for instance, SINTEF Digital for the development of new codes or new Al
platforms, ontologies, this is very much ongoing.

38:49.412 --> 38:53.794
[SPEAKER 00]: In our own niche as ab initio modellers,



38:54.634 -->39:06.424
[SPEAKER _00]: Of course, the support we can provide doesn't limit itself to, say, solid-state physics materials, but we
can also stand

39:07.851 -->39:12.452
[SPEAKER _00]: anywhere really where you have a problem that involves atoms and molecules.

39:13.633 -->39:22.495
[SPEAKER 00]: As an example, a recent biotechnology project that has come to our desk.

39:22.695 -->39:31.878
[SPEAKER 02]: And finally, gentlemen, something I've been interested in for a while is taking on a multidisciplinary
approach to problem solving.

39:32.438 -->39:45.708
[SPEAKER 02]: Now, since I've been here at SINTEF, I've noticed that there's quite a bit of focus on adopting a
collaborative, multidisciplinary approach to problem solving.

39:47.049 -->39:54.395
[SPEAKER 02]: Would you like to speak about the benefits of such an approach and perhaps if you've encountered it
within your work?

39:56.258 -->39:56.638
[SPEAKER 00]: Sure.

39:56.678 --> 40:00.699
[SPEAKER 00]: So Sintef is really a unique place to work in.

40:00.799 --> 40:04.020
[SPEAKER 00]: I've been here for a bit more than a year, perhaps.

40:05.920 --> 40:13.942
[SPEAKER 00]: And yet I can say that compared to any other place I've ever worked in, you have this industrial focus.

40:14.602 --> 40:22.864
[SPEAKER 00]: All our activities, of course, verge towards eventually development of technologies for the industry
benefit.

40:23.661 --> 40:36.746
[SPEAKER 00]: And at the same time, you have this academic imprint, in a way, that is the interest, of course, of the
main research scientists of understanding nature.

40:37.787 --> 40:49.832
[SPEAKER 00]: And because of the nature of all different industrial problems that we need to solve, the stuff, it's
extremely varied in competencies.

40:50.809 --> 40:59.668
[SPEAKER 00]: And pretty much whatever problem you have, if you don't know something, you can be sure that there
is somebody else in the institution who has the answer for you.

41:01.370 -->41:11.439
[SPEAKER 00]: Multidisciplinary or interdepartmental or inter-institutional collaboration and activities are strongly
encouraged here.



41:12.159 --> 41:13.240
[SPEAKER 00]: And they are highly beneficial.

41:13.420 --> 41:20.946
[SPEAKER 00]: Those are definitely the best projects we can have, are the ones where we actually put together our
brains and we find the solutions together.

41:20.966 --> 41:27.692
[SPEAKER 00]: And it shows, both in terms of actually finding a solution for whether it is an academic or industrial
problem that it is,

41:28.273 -->41:36.831
[SPEAKER 00]: but it is to actually construct a very strong consortium for submitting applications for public fundings.

41:39.213 -->41:48.937
[SPEAKER _00]: So yes, this is definitely something that is happening here and it's extremely exciting to work in this
environment.

41:49.457 --> 41:50.097
[SPEAKER 02]: Fantastic.

41:50.397 --> 41:53.338
[SPEAKER 02]: Well, gentlemen, thank you very much for your time.

41:53.698 -->42:01.201
[SPEAKER 02]: It's been a very enlightening conversation and we wish you all the best in your work in the future.

42:01.721 --> 42:02.782
[SPEAKER 00]: Thank you so much for having us.
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