
Solar Orbiter’s first close encounter

On 26 March and enduring temperatures of some 500 degrees Celsius from within the orbit of planet Mercury, Solar Orbiter returned spectacular imagery of the Sun during its first close encounter with our home star. Detailed new movies show activity in the solar atmosphere and reveal a variety of features, including something scientists are nicknaming ‘the hedgehog’ with spikes of hot gas reaching out in all directions. 

Solar Orbiter’s ten science instruments are now all working together for the first time. Some are looking at the Sun while others are simultaneously measuring the environment around the spacecraft, enabling scientists to join the dots from what they see happening at the Sun, to what Solar Orbiter ‘feels’ at its location in the solar wind millions of kilometres away. In the weeks around the close approach Solar Orbiter also observed several flares and even a coronal mass ejection, providing a taste of space weather forecasting at Earth.

Scientists across Europe – and ESA’s partners around the world – are now working to interpret the vast amount of information Solar Orbiter is sending back that promises to transform our understanding of our nearest star. 

Solar Orbiter is a space mission of international collaboration between ESA and NASA. 

This report includes interviews with:
- David Berghmans, EUI Principal Investigator

- Daniel Müller, Solar Orbiter Project Scientist, ESA

- Anik De Groof, Instrument Operations Scientist, ESA
A-roll
	Picture
	Sound

	10:00:08
Split screen - exteriors and interiors of the solar observatory and telescope at Royal Observatory – including drone shots.
	This is Richard Hollingham for ESA at the Royal Observatory of Belgium in Brussels…

	10:00:21
Richard PTC
With cutaways of the telescope and sun glinting off it. 
	[Upsound of door opening]
For more than a century, scientists have been studying the Sun from this site, using telescopes like this – still in use today. In fact, this is the world data centre for the Sunspot index. Now though, Solar Orbiter is giving us a whole new perspective of our nearest star. 

	10:00:35
Solar Orbiter launch – split screen
https://www.esa.int/ESA_Multimedia/Videos/2020/02/Solar_Orbiter_launch_replay
Into animation of Earth pass…
https://www.esa.int/ESA_Multimedia/Sets/Solar_Orbiter_animations/(result_type)/videos
	[Upsound of launch]
Solar Orbiter was launched from Cape Canaveral, Florida, in February 2020…
[more upsound]
The spacecraft has since travelled some two and a half billion kilometres, made two passes of Venus…to get a better view of the Sun’s poles…and one pass of the Earth.
Now it’s just made its first close-approach to the Sun, taking it within the orbit of Mercury.

	10:00:58
Solar orbiter latest videos 
	Enduring temperatures of some 500 degrees Celsius, the pictures Solar Orbiter’s returning show this atomic furnace in unprecedented detail. 

	10:01:08
Daniel Müller

Solar Orbiter Project Scientist
[use cutaways of images]
	I was personally blown away by the quality and degree of detail in these images, and clearly as solar physicists, we've been looking at images of the sun for many years. But by going three times closer, we can get the spatial resolution up by a factor of three. And we see things that we haven't seen before. And that's, of course, the beauty of science to explore the unexplored. 

	10:01:31
Scientists gathered around the screens in the Space Weather Centre, looking at the images
	These new images were captured by a camera called the Extreme Ultraviolet Imager…led by the team based here in Brussels. 

	10:01:39
David Berghmans

EUI Principal Investigator
	[Possibly with RH question]

It sometimes happens. I get into my office, I download the latest data and I stare for hours that it's so addictive, actually.

	10:01:47 
Close-ups of images

	The images show activity in the outer layers of the solar atmosphere and reveal a variety of features, including something scientists are nicknaming ‘the hedgehog’. It has a multitude of spikes of hot gas reaching out in all directions.

	10:02:03
David Berghmans

EUI Principal Investigator
	Nobody has ever seen the details of the corona in that much detail before. So, every time we get an image down, it's the first time we see something at that scale. And that's really fascinating. It's really discovery space that we're entering.

	10:02:17
Solar orbiter animations 
Into Anik set-up shots 

	The Extreme Ultraviolet Imager is one of ten science instruments on Solar Orbiter…now all working together for the first time.

Some are looking at the Sun, others are measuring the environment around the spacecraft. 

All this activity is being co-ordinated at the European Space Astronomy Centre in Madrid…

	10:02:38
Anik De Groof
Instrument Operations Scientist 

	It's important to have all the instruments working and operating in a coordinated way because one of the main goals of the mission is to link the sun and its activity with the environment and not only the environment close by, but also the planets. And for that, we want to look at the sun's activity and the solar activity with many different telescopes that look at it in different wavelengths. So that means they are looking at different layers in the atmosphere and they can also measure things like the magnetic fields on the sun. 

	10:03:10
Group looking at space weather on the screens
10:03:31
Show ESA Space Weather logos…discussing specific events. 
	The influence of solar activity – particularly on the Earth – is known as space weather. It includes the effects of the stream of charged particles the Sun emits – the solar wind – and more dramatic events such as solar flares. 
As it happens, Solar Orbiter observed several flares and even a coronal mass ejection. All tracked from here in Belgium at ESA’s Space Weather Coordination Centre.

	10:03:40
Daniel Müller

Solar Orbiter Project Scientist
	Solar orbiter is basically a research mission, but ultimately, we want to be able to predict space weather. These are energetic events that could have an impact on high tech installations, on earth, GPS satellites, power grids. And we want to make sure that in the future we can predict geomagnetic storms based on solar activity. And for that, we really need to take the sun's temperature and measure the solar wind and connect the two.

	10:04:08
Solar Orbiter images
Drone shots – sun glinting in telescopes
10:04:26

10:04:36
	Scientists across Europe – and ESA’s partners around the world – are now working to interpret the vast amount of information Solar Orbiter is sending back

…and this is just the start of a mission that promises to transform our understanding of our nearest star. 
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1. Latest Solar Orbiter images and videos, May 2022

10:06:24

2. Daniel Müller, Solar Orbiter Project Scientist, ESA (English)
(Filmed at the Royal Observatory of Belgium, May 2022)
I was personally blown away by the quality and degree of detail in these images, and clearly as solar physicists, we've been looking at images of the sun for many years. But by going three times closer, we can get the spatial resolution up by a factor of three. And we see things that we haven't seen before. And that's, of course, the beauty of science to explore the unexplored. 
By going close to the sun, we try to capture the physics of space weather events. And we want to film on the sun the events that give rise to changes in the near-earth environment. And we need to fly close to the sun to be able to measure the solar wind while it's still in a pristine, undisturbed state.
Going close to the sun, that's a real challenge for our spacecraft, because if we go to a third of the distance, that means we get nine times the solar radiation on the spacecraft. That's a heat flux of more than 12,000 watts per square metre. So that is a lot of heat to dissipate into space and we expect the heat shield front surface to reach temperatures of around 500 degrees centigrade. And so far in technical terms, the spacecraft is nominal, which means everything is as predicted. So we've tested a lot of the components of the spacecraft, which is what you always do. But by going so close to the sun, we really push the limits of what we could test on the ground. We could only do that for parts of the spacecraft, but not for the entire system. So now that we're seeing that the temperatures are as predicted, we are really relieved that we can actually continue doing this for the next ten years.
By having all ten instruments on solar orbiter operate together, we can really harness the entire power of this mission, which is designed to connect remote sensing observations of the sun, meaning pictures and spectra and what you measure, essentially feeling the solar wind as it flies past the spacecraft. And for that we need all ten instruments and they've all been tested and exercised and tuned like musical instruments. And so this is the first time we actually got all ten working together as a team.
Amongst the things that we now see for the first time are really tiny sources of energy release in the corona. And we are now very curious to find out in what sense they are connected to the large-scale structure of the solar, wind and the energy that gets essentially put into the flow of particles towards Earth. And we try to really use models to connect what we see on the surface to what we see in the wind. And that is something that clearly takes more time of investigation to really pinpoint where a solar wind package came from. But we believe that we've done quite well in terms of pointing at the right place, and thereby we hope to get this complete picture, of course, as a fact.
Solar orbiter is basically a research mission, but ultimately we want to be able to predict space weather. These are energetic events that could have an impact on high tech installations, on earth, GPS satellites, power grids. And we want to make sure that in the future we can predict geomagnetic storms based on solar activity. And for that, we really need to take the sun's temperature and measure the solar wind and connect the two.
I think everyone breathed a big sigh of relief for this first perihelion to have gone well. The day itself was surprisingly quiet. And again, the technical terms, you would call that nominal. And if something bad happens, something unexpected, you hear it immediately. And the fact that you hear very little means that everything is just according to plan. That is what we want. So of course, you don't see pictures right away because it takes a few days for the data to come down to ground. But the early interaction within the entire team was, well, it really worked. We can do this again. And that's that's a great to feel that the engineers did a fantastic job. And the scientists can now get to work and work on the data.
It's a bit too early to tell how significant in the long term this particular data from our first close perihelion will be. It's the first out of many, but we believe in terms of testing our procedures, everything has really worked well. And from the quality of the first data that we've downloaded, it looks like it went extremely well and we will be able to get a lot of interesting science out of it.
This first perihelion was clearly our first scientific milestone after getting all the instruments calibrated. So this really gives us good confidence that we'll be able to do this again. And we'll do it roughly twice a year when we fly by the sun again in between will be far away from earth. So that takes a lot of time to get the data downloaded. But in between these far away periods, we have also close by periods where we can dump all the data that we've accumulated. And then it's Christmas for the scientists to look at the data and get new scientific insights.
The close approach of solar orbiter to the sun to about a third of the distance between sun and Earth is so important because it allows us to get measurements of the solar wind in an almost pristine state before it gets mixed on its way to earth. And more importantly, to combine these measurements with pictures of the sun and spectra that we can then connect and get a complete picture of the sun and solar wind.
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3. Daniel Müller, Solar Orbiter Project Scientist, ESA (German)
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4. David Berghmans, EUI Principal Investigator (English)
(Filmed at the Royal Observatory of Belgium, May 2022)
[FROM A ROLL]
It sometimes happens. I get into my office, I download the latest data and I stare for hours that it's so addictive, actually.

Nobody has ever seen the details of the corona in that much detail before. So, every time we get an image down, it's the first time we see something at that scale. And that's really fascinating. It's really discovery space that we're entering.
So it's very fascinating to see for the first time the high resolution of images of of the solar corona, the images we are getting down now with perihelion are perhaps the best ever recorded. And so we're seeing stuff there that has not been recorded before.
So having all these instruments working together now during a perihelium is really about the generation of solar physicists have been preparing for, to bring the best of instruments together on one mission to the best place to observe them in the heliosphere. It's really a big thing.
So there's this solar orbiter and the instruments on it. It's sort of a new machine that we are bringing to a place in space that has never been visited before. So when we do that, we cannot expect everything to work as it is designed to or as expected. There is a steep learning curve to to learn to operate the thing. And that's what we call commissioning phase. And we are now at the end of that phase and we have learnt how to operate our machine to the best of its capacities and the results are actually fabulous.
So it's perhaps still a bit too early to choose to pinpoint the scientific significance as the data are still coming in. And we are learning things like by the hour now. But seeing all this nice data and the fabulous new results, I think Solar Orbiter is going to be a game changer in the long term.
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5. David Berghmans, EUI Principal Investigator (Dutch)
10:18:39

6. GVs Scientists examining the latest Solar Orbiter data
(Filmed at ESA’s Space Weather Coordination Centre, Royal Observatory of Belgium, Brussels)
10:21:37

7. Exterior shots and drone shots of the Royal Observatory of Belgium
10:39:13

8. Interior and exterior shots of the Solar telescopes at the Royal Observatory of Belgium
10:41:31
9. Anik De Groof, Instrument Operations Scientist, ESA (English)
This close approach is quite significant because it is the very first time that we take images from the sun, from that close by, from within the orbit of Mercury. And for the mission, it's important in many ways, because on one hand, of course, the closer you go, the better resolution you get and the more details you can see. And it's also important because we want to understand the influence of the sun on the planets, on the earth. And for that, we want to come closer and we want to see what's happening and at the same time feel, around the spacecraft, how the environment is changing.
It's important to have all the instruments working and operating in a coordinated way because one of the main goals of the mission is to link the sun and its activity with the environment and not only the environment close by, but also the planets. And for that, we want to look at the sun's activity and the solar activity with many different telescopes that look at it in different wavelengths. So that means they are looking at different layers in the atmosphere and they can also measure things like the magnetic fields on the sun. And then at the same time, we also have instruments at the outside of the spacecraft that will sense and measure what's happening around the spacecraft itself. So, whenever there is solar activity, we can feel the effects close to the spacecraft.
The spacecraft is performing very well and we are very happy about that because it is the first time that it had to go so close to the sun. And so in this very challenging environment. And of course, the spacecraft is designed for it. But this design is all based on modelling, on predictions. So you only really know that it's going to work until you have seen it working.
The spacecraft is performing very well and we are very happy about that because it is the first time that it had to go so close to the sun. And so in this very challenging environment. And of course, the spacecraft is designed for it. But this design is all based on modelling, on predictions. So you only really know that it's going to work until you have seen it working.
We mean that the sun's activity is actually influencing its surroundings and also the earth. So we wanted to capture one of those events where the sun is spitting out part of its material, sometimes in terms of radiation, sometimes really part of a cloud of material that is swirling out of the sun. And then when the spacecraft can fly through this cloud of material, we can much better understand what happens to the activity between the time it leaves the sun and the time it arrives at the Earth.
One of the main goals of solar orbiter is really science. Doing new things, trying to explore new parts of the sun and really understanding how it works. Because space weather is one thing that we want to understand better. That's the influence of the sun's activity on the Earth. But to do that, you have to really go close and understand what's happening closer to the sun. One of the things we always lack is we see things happening very far out at the solar surface, and then a few days later, we feel effects closer to the earth. But what has happened in between that is really often a mystery, and often things happen that we did not expect. And so our predictions are not very good. With solar orbiter, we understand. We hope to understand solar physics better and the whole propagation of these events from sun to earth. 
These measurements that the spacecraft is taking now and also later will be important to improve our understanding of the sun. One of the things we want to understand better is how the sun affects the earth. But for that, you have to really understand how the activity of the sun is caused, how it evolves, and when, for example, such a cloud of solar material leaves the sun, how it also propagates through space and goes towards the earth. So for that, we want to do several of those close passages to the sun to observe it from close by. And we also want to change the orbit of the spacecraft so that it can see the solar pulse, because we have never, ever seen those before. And they are important to understand the magnetic field of the sun.
10:46:51
10. Anik De Groof, Instrument Operations Scientist, ESA (Dutch)
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11. Anik De Groof, Instrument Operations Scientist, ESA (Spanish)
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12. Anik De Groof establishing shots
(Filmed near ESA’s European Space Astronomy Centre in Madrid)
10:51:53

13.  Frédéric Auchère, Solar Orbiter Co-Principal Investigator (English)

So the EUI, so the extreme ultraviolet Imager sees the hot corona, so so to speak, the atmosphere of the sun at extremely high resolution, much higher than what we had before. And one of the problems that we are after is to understand why the corona is so hot. It's like a million degree or so while the surface of the sun is 5000, something like this. And that's really puzzling. And I've done that since decades. And we think that it's possibly because of tiny, tiny, tiny eruptions that go on all the time, but that where that are smaller, too small to be seen by other instruments and now that we with orbiter, we get so close to the sun, we can finally see them. And we did see a lot of them in the first images that we took. And the closer we get, the more we see. So we are really excited about this because we may finally be on the the solution to that decade long problem.
We're getting the best images ever of the corona at at this wavelength. And so it's basically we're getting two times three times better than before. And, well, we had a few peaks with sounding rockets about like four or 5 minutes. So now we're getting hours of that and we are just seeing new stuff. It's very, very exciting to see this data coming to the ground and showing things that, either we guessed well them, but we were all not really sure or just new stuff. 
So now the whole payload is all working together. It's actually a lot of work to coordinate all that. But what that gives us is that we get a comprehensive diagnostics of the of the solar plasma of the solar atmosphere so we can with EUI get the dynamics and the fine skin structure. But then with other instruments like SPICE, we can get measurements of the diameter of the density, these kind of things. So with all instruments together we get a comprehensive view and understanding of the physics, and then you have all the in-situ instruments also that we're working with that will help us understand what the coronal mass ejections are and how they influence the the physics of the heliosphere, which is the surroundings of the sun. So to speak. 
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14. Frédéric Auchère, Solar Orbiter Co-Principal Investigator (French)
10:58:11

15. Laboratory shots, Royal Observatory of Belgium
Showing experiments being carried out on a working copy of the EUI instrument to correlate and verify data from Solar Orbiter
10:01:26 end of b-roll
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