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Coordinator:
Welcome and thank you for standing by. At this time all participants are in a listen only mode until the question and answer session of today's conference. At that time to ask a question press star 1 on your touch tone phone and record your name at the prompt.

This call is being recorded and if you have any objections you may disconnect at this time. I would now like to turn the call over to Mr. David Prosper. Thank you. You may begin.

David Proper:
Hi everyone. This is Dave Prosper from the NASA Night Sky Network hosted by the Astronomical Society of the Pacific. I'm really excited to present this teleconference with our guest speaker, Dr. Brandon Lawton, Scientist at the Space Telescope Science Institute.


And the - one of the keepers of the Hubble Space Telescope and the future operators of the James Webb Space Telescope. Dr. Lawton will be discussing 25 years of science and Hubble with a focus on the amazing deep field images that this telescope has taken.


And what they have revealed about the nature of our universe to all of us. Now before we get started I want to make sure you can all view the presentation slides.

If you don't have the slides up in front of you, you can download them at our Bitly link, which is https://bit.ly/nsnhubble25. So bit.ly/nsnhubble25. And if you have any problems along the way, please email us at nightskyinfo@ astrosociety.org.

So if this is your first teleconference with us, welcome everyone. Now just follow along with the slides and there will be a brief time for a - like about 10, 15 minutes of a Q&A at the end of our talk. Now here's a brief minute for the latest Night Sky Network News for our members.

We've rolled out some more bug fixes for the site's logging system and we have fixed a lot of the Night Sky Network's messaging bugs as well. Now while you may have noticed that some Night Sky Network messages may be going into your spam folder.


They're actually getting to your spam folder rather than being entirely blocked by your email providers. So we're now hard at work on part 2 of fixing that section up. And at least messaging is pretty much working for folks and we're really trying to get that patched up further.

We'll have more news next month. And we also are working on making logging events smoother with some new behavior in the logging system, more so that certain events when you log them, the default is going to be a club event - or when you enter event, it's going to be a club event.

And there's more work coming with that soon as well. So next teleconference we'll have hopefully more good updates. So with our news out of the way, I just wanted to introduce with my great pleasure our speaker, Dr. Brandon Lawton.

He is an astronomer at the Office of Public Outreach at the Space Telescope Science Institute, which is the Science Operation Center for the Hubble Space Telescope and the future James Webb Space Telescope.

He was awarded his PhD in Astronomy at the New Mexico State University in 2008 followed by a post-op position at the Space Telescope Science Institute where he used the Spitzer Space Telescope data to explore star formation in our neighboring galaxies, the Magellanic Clouds.

Dr. Lawton has been a member of the Office of Public Outreach since 2001 where he works as a Hubble and Web education and outreach teams as well as a broader NASA Education and Public Outreach Community to deliver accurate and cutting edge science content to students, educators and the general public.

Dr. Lawton we are very pleased to host your talk this evening. Would you like to begin?

Brandon Lawton:
Thank you. Sure thing, thank you David. It's my pleasure to be here. So this is been a busy month for all of us at Space Telescope Science Institute and NASA in general with Hubble's 25th anniversary. So Hubble's been a - Hubble was launched in April 1990.

So it's been 25 years and when I was first asked to give a talk about this it was very hard to think about something - you know, how do you cover 25 years. So I decided what I would do is I would just cover one of Hubble's main big science accomplishments, which (unintelligible) views of deep universe.

At the very end of this I have some supplementary slides if we get to and that's great. If we don't get to it then you can look at it on your own but those are just some of Hubble's images in 2015 that have come out that have been quite amazing.

So with that I'll start on Hubble's views of the deep universe. So if you go to Slide 2 or Page 2, if you have a print out, the way that I like to always talk about this is I like to take a step back and first talk about what is a galaxy and to do that we can talk about our own Milky Way Galaxy.

Now this is an artist illustration of the Milky Way Galaxy. Because we're inside the galaxy we cannot step out and look at it so this is an artist's illustration.

But a galaxy of course if made up of (unintelligible) so if this were our galaxy (unintelligible) here in that little spiral arm structure. Of course there's - we now know from Keppler and also from Hubble and (unintelligible) the planets and possibly also moons in our own galaxy.

And all galaxies probably have planets and moons. If you go to Slide (unintelligible) stars. Okay, so this is (unintelligible) but there's hundreds of billions of stars in our own galaxies and galaxies will have hundreds of billions of stars typically.

Okay and then if you go to Slide 5 of course you have lots of gas and dust. That's what makes stars and planets and (unintelligible) so this is - this image is a Hubble image (unintelligible) the Carina of the - what we call Mystic Mountain.

But this is gas and dust is common in almost (unintelligible). Okay so our Milky Way has planets, moons, stars, gas and dust. Okay. And what's really interesting if you look at the colors of these things, you know, the galaxies - the galaxy color is basically comprised of the colors of those individual components.

So if you have lots of for example red stars in your galaxy, your galaxy (unintelligible). Lots of blue stars your galaxy's going to be blue and so on. And so you see in this artist's (unintelligible) example that the center part of our galaxy, the Milky Way Galaxy appears more whitish or orangish then the rest of it.

And that's because the stars in the center of our galaxy are actually more orange or white and the stars in the outer part are blue. Okay so that's just kind of a quick primer again on galaxies and of course I'm sure you all know this.


But I like (unintelligible) public these things, it's just nice to remind people what a galaxy is. Let's go to Slide 6 or Page 6 now. And here is an image of planet earth. Now before we talk about study the deep universe and galaxies in our universe, I just want to do a thought experiment.

So you were astronauts, you know, floating above the earth. Say you're on the International Space Station floating above the earth. And let's just say that you have a science experiment where you want to try to learn everything you can about human beings from birth through their life, all the way to death. (Unintelligible) humanity.

You want to learn everything there is about human beings (unintelligible). Okay. So here's the thought experiment. How would you do that? How would you actually learning the diversity of human beings if you're floating above the earth. You can't get down there.

You can't, you know, you can't talk with them in person. You're way above the earth. Well if you go to Slide 7 one idea might be - on Page 7 is to take a picture of your person, right. So you're up in orbit and you have a camera and you just take a picture, okay.

Well if you take a picture of one person like you see on Page 7 here of that girl on the beach, that's great. You have a snapshot of what a human being is but this does not tell you the diversity of humans on the planet earth. So if you go to Page 8, say you take more pictures of more people. Okay.

This is getting better. You're starting to get to see more of the diversity. You're starting to see, you know, diverse people from diverse countries and so on but you're also in these two images at least, you're only seeing, you know, younger people.

So if you go to Page 9 again, and, you know, head to Page 10, (unintelligible) from all parts of the earth. If you take enough pictures and you get enough samples of people you can start to build a picture of people. Okay. Of humanity.

You can start to see that there are some young, there are some old. They come in - people come in different sizes, different colors. People - there's just a great diversity of humans on this planet.


And you can't really capture that unless you take (unintelligible) to really get, you know, what we would call (unintelligible). Study galaxies. We can't go to those galaxies.

But we know that they have properties and so what we want to do is we want to take pictures of those galaxies to see if we can capture maybe young galaxies, old galaxies, big, small. We want to take enough pictures to do that. (Unintelligible) Page 11.

This - these are example images of relatively nearby galaxies. And astronomers have (unintelligible) this for a long time for, you know, for over a century now they've taken images of - we didn't always know that they were galaxies but we've taken images of these - they used to be called nebulae.

But we've taken images of these of these galaxies in a local universe, nearby. We now know these are galaxies and we can bend them. In the local universe we know that they come in three basic shapes. Okay. There's spiral galaxies, which have (unintelligible). Okay.

There (unintelligible) but they have sort of a flat so they're like a Frisbee so if you view them edge on they look flat. If you view them face on you can see those nice spiral arm structures. Then there's these elliptical galaxies which are more spheroidal, more like spheres. Okay.

And then the irregular galaxies which we basically just lump to everything else. But they don't follow the patterns that you see in the spiral or elliptical but their just - they're irregular.

And what you'll also notices is that in general these galaxies that you see here on this page have different colors associated with them. So for example the spiral galaxies have, just like the Milky Way artist illustration I showed earlier, they have stars in the - they have bluer stars in the spiral arms.

We now know that's because there's young star formation going on in the spiral arms. And young stars tend to exhibit more blue colors than older stars. And in the center what we call the bulge you see that there's redder or oranger stars and that means that there's an older star population in the center of spiral galaxies.

Elliptical tend to be mostly orange. They tend to be made up most of older stars. And irregulars can come in a variety of colors but we often see them actually bluer. We often see that they're undergoing tremendous star formation.

It's very typical to see irregulars undergoing tremendous amounts of start formation so new young blue stars are being born, often times in irregulars. But not all the time. So in the nearby universe we kind of got this picture down. We know there's spirals, ellipticals and irregulars. Okay.

But you have to remember of course that the nearby universe is, you know, just basically the universe is about 13.8 billion years old and so in the nearby universe everything is about 13.8 billion years and we see basically everything is old galaxies.

So all the nearby galaxies to us are basically old because, you know, we see them as they are today not as they were when they were born in the early universe. So we're getting kind of a bias picture. And I'll leave that and we'll come back to that. But if you go to Page 12.

(Unintelligible) talking about what we called Hubble's. So this - the image - the data was actually acquired in 1995 but this was - (unintelligible). And this was actually an interesting story.

So at the time the director of the Space Telescope Science Institute which you see here on this page, Dr. Robert Williams. As a director of the Space Telescope (unintelligible) he has certain amount of (unintelligible) to do with as he wants.

(Unintelligible) expensive to use and so typically what the director's (unintelligible) and its profit not get (unintelligible) in the Hubble proposal process.

So as what happens normally is (unintelligible) astronomers will propose to use Hubble and if they get time they'll use Hubble. But Hubble's very popular and it's (unintelligible) telescope. It can do a lot of great science. So it's oversubscribed 10 to 1.

So for every ten, you know, for every proposal that gets accepted, you know, there's roughly around ten that do not. And so astronomers generally like the fact that the director will take on a project that maybe didn't get accepted and use director's discretionary time, they call it to take images.

Well that's not exactly what Dr. Robert Williams decided to do in 1995. Instead he decided to do something a bit different and it was actually kind of controversial at the time.

He decided to point Hubble at an empty patch of sky in the Northern Hemisphere around Ursa Major and just expose Hubble for about ten days straight. Okay.

Now to get an idea about what Hubble's field of view is. If you hold up a dime at arm's length and you look at the - the field of view of Hubble is basically the eyeball of (unintelligible). And what we got (unintelligible), what you see here on this Slide 12. This is the Hubble deep field.

Almost everything in this image is a galaxy. There are about 3000 galaxies in this image. And they cover, you know, a variety of colors and so on. And this was not totally expected. We didn't know what to expect but I don't think astronomers really expected this.

And this was amazing because it totally blew open sort of the enormity of the universe. Now if you skip ahead to Slide 13 this was followed up by the Hubble deep field south and the Hubble deep field south basically got very similar results to the Hubble deep field north. Okay.

And actually I think the year on this might be wrong. I think - I don't know, I don't think this is 1996 but I'll have to check that. But Hubble deep field south did the same experiment in the Southern Hemisphere.


And got very similar results, which was very exciting because it told us that the Hubble deep field north, that little patch of sky was not some strange patch of sky. We see the same thing in another small patch of sky in the Southern Hemisphere roughly 3000 or so galaxies. Okay.

So we're starting to get a picture now that when you stare for a long time at (unintelligible) to collect light from these very faint galaxies that are very far away in the deep universe, you start to see a lot of these galaxies pop out.

And Hubble (unintelligible). Go to Slide 14 (unintelligible) in 2004 by Dr. Steven Beckwith, who was again the director of Space Telescope Science Institute.


And so he used his director's discretionary (unintelligible) in 2004 to do this experiment again. And you might ask why are we doing this experiment again?

Well one reason is that thankfully we've had five servicing mission of Hubble and every servicing mission of Hubble has left Hubble better than it was before in capabilities, sensitivity, field of view on the sky with the instruments.

So it's just made Hubble a better telescope, which is why after 25 years today Hubble is better than it's ever been. So in 2004 Hubble was - this was after one of the servicing missions where Hubble had just gotten installed a new really sensitive camera called the Advanced Camera for Surveys.

And they decided to do this experiment again in the Southern Hemisphere. And they exposed this time for about 13 days straight. And this is what you see on Page 14, is you see the Hubble Ultra Deep Field. There are about 10,000 galaxies in this image. Okay.

So this is really blowing astronomers away. At this point, you know, we're seeing that the universe is just filled with galaxies. Now remember each one of these galaxies probably has hundreds of billions of stars. Maybe hundreds of billions of planets. Okay.

So you can do the question, okay, what if that is how many galaxies are in just these small patches of sky, okay. They're roughly all about the same patch of sky, roughly about the eyeball of FDR on a dime held at arm's length.

The Hubble Ultra Deep Field is a slightly larger field of view but it's roughly about the same. So you can ask the question - and if you go to Slide 15, Page 15 - you can ask the question, okay how big are these field of views. Well if you see that little thing that says XDF on Page 15.

I'll talk about what XDF means in a minute. But that's basically the field of view of these deep fields. And there's the moon to scale. So you can see it would take - you know, the moon is about half a degree on the sky. These XDFs - it would take roughly ten to 15 of them to go across the full moon.

So they're pretty small in the sky. If you go to Page 16 you can see here that if you were actually to do the simple mathematical calculation where you take the number of galaxies you see, for example on the Hubble Ultra Deep Field, okay, in that small patch of sky. Okay.

There would - to cover the whole sky, all the way around the earth, it would take almost 13 million Hubble Ultra Deep Fields. So you take the galaxies, the 10,000 or so galaxies you counted in the Hubble Ultra Deep Field and you multiple that by about 12,700,000.


And that would give you the total number of galaxies in the observable universe. Okay. As it turns out that number is hundreds of billions of galaxies in the observable universe. Again each one of those galaxies probably has hundreds of billions of stars.

Maybe hundreds of billions of planets and so on. And just so if you then ask how many stars then, not galaxies, there's hundreds of billions of galaxies in the observable universe3 but how many stars are there in the universe? There is trillions of stars.

There are more stars in the universe then there are grains of sand on earth. Okay. So it's just enormous. This is one of those - the Hubble Ultra Deep Field series, the Hubble Deep Field, Hubble Ultra Deep Field series was really an eye opening thing to astronomers.

In fact if you ever go on to Google and you type in the most important picture ever taken, I guarantee you either the Hubble Ultra Deep Field or the HDF will come up number one. So this is - now we can all debate whether that's actually the most important picture ever taken.


But it just gives you a sense that this is one of those things that it puts the universe in context. It gives us an idea about how big the universe really is. So if you go to Slide 17, now - Page 17.

This is just zooming in to some pieces of the Hubble Ultra Deep Field and this is just to show you again that if we go back to our picture about galaxy shapes and how galaxy's look and galaxy colors you can see that there are a lots of different galaxy shapes and galaxy colors.

Some of them you kind of recognize. They're spirals, there's ellipticals. There's definitely things you would call irregular and you definitely see a variety of colors. But now we need to take a quick step back. So if we go to Slide 18 there's a problem here.

I told you that the galaxy colors kind of tell you want the galaxy is made of. If the galaxy's red there's probably red stars. If the galaxy's blue there's blue star. If there's a combination there's a combination of stars and so on. The problem is it's not simple with really far away galaxies.

The colors can be a little bit deceiving. And the reason is illustrated a bit on this slide and on the next slide. So on Slide 18 this is just an illustration of the fact that there was a big bang about 13.7 billion, 13.8 billion years ago and the universe has been expanding with time.

And we have Hubble here on the left at present time and as it's looking far away in the deep universe, the further away it looks, the further back in time it's looking. Hubble is a time machine. The reason is because the further away a galaxy is it takes that light longer to reach us. Okay.

So a galaxy that's really far away okay, light left that galaxy billions of years ago and it's just now reaching us. That would be like if you - if your family took a picture of themselves and then sent it - not via email, okay. But sent it via the postal service and it didn't arrive at your doorstep until ten years later.

You've got a picture of your family but it's ten years old. The same thing is happening. Light takes time to travel and so light from the very distant galaxies takes longer to get to us so we're seeing them in the past. The further away you look, the further in the back, in the past you are looking.

Okay. And that's one of the reasons why we wanted to do these deep fields. We wanted to see what these early galaxies look like. I mentioned the galaxies in the nearby universe are all about 13.7 billion, 13.8 billion years old so they're all old galaxies.

But if we look far away, we look back in time we can see what galaxies look like when they were babies or infants possibly. And that would give us some idea of how galaxies evolved and changed with time to create those big, gigantic spiral shapes we see today, the ellipticals we see today and so on.

So that's kind of the science goal of this. Now if you go to Slide 19, Page 19. Here are some snapshots of galaxies seen far away and nearby. And what you'll notice is that one, the very far galaxies are smaller. Okay.

We now know that galaxies build up over time, build mass and they accrete from their gravity mass overtime so they do get bigger with time. So galaxies that are far away, we see them as - when they were younger in the universe, okay. They're smaller. Okay.

They're very much - you know, it's very much equivalent to seeing humans being smaller in their life time. Humans grow until they reach adolescence and then they're at their size. So we're seeing, you know, younger galaxies. But you'll also notice that the galaxies very far away are red. Okay.

Now this is the trick I was kind of alluding to - it's not because they're actually red stars in those very far galaxies. They're actually very blue galaxies. The trick is when you observe things that are very far away, the light as it travels to us gets what we call red shifted.

This is because the universe is expanding with time. Light is traveling across the universe for billions of years and as it's traveling, as space is expanding its stretching the waves lengths of light. Okay. Making the wave length of light longer and longer. It's stretching the light.

And if you stretch the light you go - whenever you make wave length of light longer you make it redder. Okay. And as it so happens the longer a light ray travels through the universe the more its stretched.

So things that are really far away are going to be the most red because they've been the most stretched. So the red shifted. So we actually do - we can actually do measurements to test how much the light has been red shifted and then what we call de-redden them to see what they're real colors are.

And it turns out that these really far away galaxies are really super blue. We think they're undergoing massive amounts of star formation. So we're really starting to get a clearer of picture of the buildup of - in this case, this is just spiral galaxies in this slide.


But we get - we're getting a nice buildup of galaxies and how they form in the universe. But I do want to mention that the galaxies that we are mentioned very far here, these are roughly what we would probably call maybe adolescent galaxies. Okay.

We're not going back yet to the first galaxies after the big bang. So let's go to Slide 20. And I'm going to go through the next several slides kind of fast. I just wanted to give you a really brief quick overview of the rest of sort of the Hubble Ultra Deep Field story. Because it didn't stop.

So on Slide 20 I show you the Hubble Ultra Deep Field again. Okay, this is from 2004. If you go to Slide 21 you'll notice that there's a red box. Okay. Now what happened is after the last servicing mission in 2009 we - the astronauts put on a new camera called White Field Camera 3 that had the ability to see infrared light, invisible infrared light.

Which is longer wave length light then visible light. And that red box you see on Slide 21 is the field of view taken with that camera on the Hubble Ultra Deep Field. So you can see it's not getting the full Hubble Ultra Deep Field.

It's getting only a piece of it but it's going to be able to - it's a very sensitive camera. It's going to give us more information about the infrared light. So that's what you see on Slide 22. This is called the Hubble Ultra Deep Field 2009.

I just put the PI of the program, Dr. Garth Illingworth on the side so you kind of get an idea but these programs have a lot of astronomers involved. And so this added IR, infrared light to the mix.

Now the important thing is infrared is redder light than visible and so because you're going into infrared, you can actually peer back further in the universe because remember the further galaxies are red shifted even more.

And their red shifted so much that they're red shifted out of the visible and into the infrared. Okay. So with this we can actually see galaxies that are even younger, back further in time.

And with this image the reddest galaxies that you see in the Hubble Ultra Deep Field 2009 are about 13.1 billion years old. So light left those galaxies, took 13.1 billion years to reach us. It left those galaxies when those galaxies - it left those galaxies about 600 million years after the big bang. Okay.

So not very far after the big bang. So now we're starting to get of what I would call toddler galaxies. We're really starting to get back into, you know, the lifespan - the early lifespan of these galaxies. If you go to Slide 23 Dr. Richard Ellis led a program in 2012 to get more infrared light, okay.

So this is the Hubble Ultra Deep Field 2012. So we see there's additional IR and if you - I'm going to go ahead and skip ahead to Slide 24. Now also that same year Dr. Garth Illingworth again and his team pre-released what's called the Extreme Deep Field which included Ellis' IR program.


But also included all the previous ten years of Hubble data including not just the Hubble Ultra Deep Field images of the sky but also other Hubble programs that imaged this region of the sky.

They just basically stacked all possible data - Hubble data they could together to try to get the deepest possible image. And the equivalent - what they got was an equivalent image of - that was - of 2 million seconds of exposure time.

That's basically 23 days of exposure so all that stacked together is equivalent to about an image that's been exposed for about 23 days. And there's over 7000 galaxies in this image.

Now remember that's not quite as much as the 10,000 that was in the original Hubble Ultra Deep Field but it's a smaller patch of sky and they're seeing deeper. Okay. Because this camera does not see - have quite the same field of view as the camera of the Hubble Ultra Deep Field.

So this is the deepest to the time image of the universe that's every - that had ever been taken. Now if you go to Slide 25 I just want to end the Hubble Ultra Deep Field story here by saying that there was some additional data taken in the ultra violet, okay, so this is Hubble Ultra Deep Field 2014.

This is where we are today with the Hubble Ultra Deep Field image. This is about 25 days of exposure time. About 10,000 galaxies pop up. So additional - a little bit of additional infrared.


But mostly there was a lot of added ultraviolet and that just helps astronomers understand the star formations in these galaxies a little bit more. Okay. But I just sort of wanted to put a bookend on the Hubble Ultra Deep Field story.


And if we go to Slide 26, I just wanted to throw up an image of a giant crowd of people to go back to our analogy again and just tell you that this is great. The Hubble Ultra Deep Field is one of the pinnacle successes of Hubble. Okay.

The only, you know, it's not a problem but the only caveat to that is that it is one patch of sky right. We have peered really deeply in one patch of sky. That's like getting one shot of a big crowd. Yes, you have a big crowd. There's lots of people. But it's still one image.

You know, it doesn't really cover - it doesn't possibly cover all the diversity of people on earth. Likewise, you know, we're not really sure if the Hubble Ultra Deep Field covers the diversity of all the galaxies in the universe because it is one patch of sky, even though it is very deep.

So that leads us to Slide 27, which is what Hubble is doing now to go even deeper. This is called the Hubble Frontier Fields. The Frontier Field program is actually a bigger program than just Hubble. It's Hubble.

It's Spitzer Space Telescope and the Chandra Space Observatory are all - or the Chandra Space X-ray Observatory are all combining data for this. But I'm going to talk to you specifically about the Hubble's component of this.


And this is led by Dr. - the PI Dr. Jennifer Lotz who's at the Space Telescope Science Institute and this is an ongoing program. So you're going to see some recent results from this.

If you go to Slide 28 I want to show you that part of the sort of I guess scientific goal of the Frontier Fields program is not to take one image of the deep universe but to actually point at six places on the sky which are labeled here, one through six.

Hubble is going to look at six different places on the sky and you'll notice, you can kind of see the Milky Way going through. We're avoiding the Milky Way on purpose because the MW - the light of the MW is, you know, it's hard to see through our own galaxy so we're trying to avoid seeing through our galaxy so.

If you go to Slide 29 it gets even better. Now I've labeled those six position, 1, 2, 3, 4, 5, 6 on here. And you'll notice that there's these little squares in each of these six positions. Those are the actual Hubble pointings. In each position Hubble is going to get two pointings.

So all - what I'm really trying to tell you here is that there's actually 12 frontier fields, not six. And I'll go into why we want to do that in a minute. Excuse me, all right. Okay. So there are 12 frontier fields. Now the red boxes are the field of view of that infrared camera.

And the blue boxes are the field of view of the visible light (unintelligible) cameras for surveys and they're getting - they're taking images from both those cameras on each of those. So that's why you see a red and blue box on each of those.

So there's 12 frontier fields that's going to cover both the visible and the and infrared light. If you go to Slide 30 here is the first completed frontier field, Abell 2744. And I'm going to kind of go - I kind of want you all to now kind of switch between Slide 30, 31 and 32 and just look at them all if you can.

Those are the first three completed frontier fields. So it's basically half way done as of this month, April 2015. And you'll notice on Slide 30, 31 and 32, you notice the first six out of the 12.

And what you might notice is that on each pointing, pointing one, pointing two and pointing three, on each one there's one image that looks a bit like a traditional deep field and there's one that looks very different. Okay. As it turns out the images on the right are very traditional deep fields.

We're actually calling them parallel fields in this program. And the ones on the left are actually purposely pointed towards very special structures in the universe called Massive Galaxy Clusters. These are regions where galaxies are actually physically located in the same patch of sky together.

Okay, they're gravitationally attracted to each other. They're basically big cities of galaxies all located together. Okay, these big galaxy clusters are on the left and the traditional deep fields are on the right.

Now they're all deep images but one is pointed at basically a blank patch of sky, like the traditional deep field on the right and the other is pointed specifically at a galaxy cluster. Okay. And I'll show you why. I'll tell you why in a minute. But first let me go to Slide 33. Okay.

And so Slide 33, here's the Abell 2744 galaxy cluster again. And if you look very closely at this galaxy cluster. Very, very closely. What you might notice is something very interesting. Galaxy clusters are fun because they're kind of like a fun house mirror.

If you go to Slide 34, I've labeled some of the effects of the fun house mirror caused by this galaxy cluster. Those orange circles circle one galaxy. I know you see three circles but that's one galaxy. You're seeing that exact same galaxy three times in this image. Likewise with the green circle.

That is one galaxy that you happen to be seeing three times. Okay. What happens is - and actually, by the way there's lots of these. There's lots of these sort of multiple images of the same galaxy in this field. Now to explain why that happens we go to Slide 35.

Traditionally when we look at a faraway galaxy - well okay, not traditionally. Traditionally we use of course telescopes but in (unintelligible) say could create gigantic huge glass lens, put it really far in space.

What you'll notice is that just the glass lens on your telescope it would collect the light and redirect it and it would magnify the background galaxy, it would make it brighter, it would basically make us be able to see it. It would basically effectively be a telescope in space.

If you go to Slide 36 you will notice that that's exactly what galaxy clusters do. Galaxy clusters - and we know this Einstein's theory of general relatively. Anything with mass and space and time, okay, and as light travels around that bent space it gets curved and redirected.

As it so happens massive galaxy clusters have a lot of mass and space considerably such that really distant background galaxies, the light leaves (unintelligible) around that bent space around galaxy clusters and finds it (unintelligible) polished lens where it all comes to a point to focus.


And we see one magnified image of that (unintelligible). As you saw earlier sometimes we see multiple images of that background galaxy. But the key point is, is that, that background galaxy is magnified - the light is magnified such that we can see it when we could not before.

So the frontier fields program really is combining natures telescope, these gravitational clusters with the power of Hubble to be able to see further than it could before. Okay. So we can start to - maybe start to see some of these baby galaxies.

Okay, so if you go to Slide 37 I'm going to go over some just recent results so (unintelligible) red, again it's very red because it's been red shifted. So that's good. We're seeing red. And you can see it labeled A, B and C. And actually in the insets you can actually see it better.

There's - it's handy that nature puts a nice arrow pointing at it but so there's A, B and C. You see them here. This galaxy - so I should say Abell 2744, the cluster itself. The foreground cluster is about 3.5 billion light years away.

So it's pretty far in its own right but that lens galaxy that we see is about 13.2 billion light years away okay. So that's when the universe was about 500 million years old. We're seeing that galaxy as it existed when the universe was only 500 million years old or about 3% of its present age.

So again taking it back to humanity, if someone lives an average lifetime of 100 years, that's like seeing a three-year old. Right. So we're starting to get back to toddlers here. Toddlers and maybe even getting closer to infants and these - with the frontier fields.

If you go to Slide 38 here's another recent result from - this is not a completed cluster yet but there's - this is part of the frontier field MACS J1149 galaxy cluster.

And you'll notice that there's an inset there with three points of light around that orange elliptical blob, which is actually - that orange elliptical blob is actually a galaxy within that cluster that - those little points of light that the arrows are pointing to is a supernova that went off in a distant universe.

So that cluster is about 5 billion light years away. That supernova is about 9.3 billion light years away. This is the first time that astronomers have ever seen a supernova gravitationally lens like this.

And for those of you that might know this term incidentally, that's called an Einstein Cross when you see those four supernova in that configuration. So that's one supernova seen four times.

What's really cool about this image - I know I'm running out of time and I want to get questions - what's really cool about this image I should say is that, that supernova, the light that left that supernova again traveled slightly different paths to reach us.


Because it traveled around slightly different curved space through that galaxy cluster. And we now know that the supernova you see there is actually in a lens spiral arm of a distant galaxy that's kind of surrounding that orange blob.

We now know that, that distant spiral galaxy is located in other places in the field and we should expect to see that supernova arrive from one of those other images of the galaxy within the next five to ten years.

Okay so they're still trying to estimate it and get in and calculate exactly when but we're expecting to see that supernova arrive again from that same galaxy. Okay. So if you go to Slide 39 I just wanted to leave this with the picture on the right.

We're really starting to get now the toddler and baby pictures of the universe. We're starting to get the images of galaxies when they were just, you know, 100 million - hundreds of millions of years after the big bang.

And it's really helping astronomers put together the picture of galaxy formation and evolution. But if you go to slide 40 the James Webb Space Telescope when it launches in 2018 is really going to push this forward.

It's going to - it's standing on the shoulders of a giant in Hubble but it's really going to extend our vision because it's an infrared telescope. It's going to be very sensitive in the infrared.


And if you go to Slide 41, I'll end the story here with we really expect - one of the main science goals of James Webb is to see what's called first light. It's goal is to see the first galaxies and stars to form after the big bang. So we really are going to see not just babies but we're going to see newborns.

This would be like if we took a camera in the hospital nursery and started taking pictures. We really are expecting to see the first babies of the universe. The first baby galaxies. Okay. Slide 42 just has some image credits that I felt compelled to include.

And I'm just going to end with Slide 43 with a few more slides that just show you some additional resources so you can learn more. Slide 43 has a Website for Hubble 25th.

You can learn more about not just the deep field science the Hubble's done but a lot of other things from the solar system and beyond. Slide 44 has where you can find more about the frontier fields.

This is an ongoing blog that's meant for the general public and we, you know, are constantly updating the blog posts. I should also notice there are really interesting nice videos and things of this gravitational lensing on there that you might want to check out.

Slide 45 is a nice set of resources that I helped with members of the astronomical society of the Pacific put together called, Universe Discovery Guides. And these are for informal educators. So you're the right crowd for this. These are basically, you know, they're monthly guides.

There's one a month. There's only - there's 12 total. They're not - they're meant to be evergreen so it doesn't matter what year you're in because unlike the solar system objects when you're talking about Universe Discovery Guides the objects don't change place in the sky. So we can do that.

And basically these things have - they're based off science topics per month and you can find objects in the sky to look at. And there's a nice narrative story to tell with it.

There's present NASA - there's NASA press releases that go along with it and there's also activities that have passed the NASA product - the NASA education product review that you can use. I will highlight on the right there that May's guide, if you want to look at it is all about the deep fields.

And there's activities associated with that. So I highly encourage you to look at that. And I'm just going to leave you all to look at the supplementary slides on your own. If you want to ask questions about them I'd be happy to answer but I think I should end there so I can take questions. So thank you.

Coordinator:
If you would like to ask a question please press star 1 on our touch tone phone. You will be asked to record your name. Again that is star 1 on your touch tone phone if you would like to ask a question. One moment for the questions to come by.

Brandon Lawton:
Okay.
David Proper:
I have one question while we let people queue up.

Brandon Lawton:
Sure.

David Proper:
I was just wondering are there already plans for when the James Webb Telescope gets launched are there going to be more even deeper fields. It sounds like there will be.

Brandon Lawton:
Yes, so - yes, the exact science targets and science that Webb will do and when have not exactly - have not be set in stone yet. That's still an ongoing thing. But the plan is - it's one of the main science themes of James Webb so the plan will be at some point to definitely do these deep fields to look deeper.

And I would not be surprised if that was one of the first that Webb is tasked to do. Although there's a lot of amazing things that Webb will do including of looking for - looking at atmospheres of alien planets and finding new stars and planets forming and so on so it's going to be an amazing telescope.

Coordinator:
We do have a question from (Susie Gerton). Your line is opened.

Brandon Lawton:
Hi (Susie).

(Susie Gerton):
Hi Brandon.

Brandon Lawton:
Nice to hear your voice.

(Susie Gerton):
I wonder if you could talk a little bit more about the exposure times for these different deep fields. Because the first one was so controversial using so much time to stare at this one empty spot in the sky.

Were the results just so significant that it's not a problem to devote days of time for all these other deep fields. So I've got kind of two questions. How long were the exposures for these other deep fields and how do you justify using so much time for just a couple of exposures for a few fields.

Brandon Lawton:
Those are great questions. And I'm not sure I'm going to be able to pull out of the hat all the exposure times for all the various iterations of Hubble Ultra Deep Field other than to say that the cumulative that I mentioned near the end was around 25 days total for all of them. But to answer your first question...

(Susie Gerton):
So that's 25 days for the 12 exposures?

Brandon Lawton:
For so for the Hubble Ultra Deep Field in 2014 it's 25 days total exposure time for - there's more than 12 exposures. That was basically adding in basically all Hubble observations that had been done in that part of the sky over ten years. So there's hundreds of exposures.

And if you just add up the total amount of exposure time for all those exposures adding up together and it comes out to be about 25 days.

(Susie Gerton):
So it's not all new exposures. It's...

Brandon Lawton:
Right.

(Susie Gerton):
...past exposures and through the processing just layering them. Is that it? Is that part of it?

Brandon Lawton:
Exactly. Exactly.

(Susie Gerton):
Okay. So there's a real economy there that you're actually going into the archives.

Brandon Lawton:
Yes.

(Susie Gerton):
Using archival data to help compile these images.

Brandon Lawton:
That's right. That's right. That's right so a lot of it is archival. Now whenever they get a new instrument like when we got the infrared instrument or the UV the, you know.


Or they wanted to look in the UV they would have to do new observing campaigns with those particular new instruments to add that data to the existing set. But they would add that then with what they had from the archives.

(Susie Gerton):
Okay.
Brandon Lawton:
But to answer your first question, yes the results were - now I wasn't - in 1996 I was - I'm going to say I was in high school. So I was not around astronomers when that was released.


But I do hear stories and Bob Williams is still at Space Telescope and we hear stories all the time about this was released at the American Astronomical Society Meeting in 1996 and people were just - astronomers were just gathered around and saying, wow.

So I mean apparently it blew everyone's mind away. So yes, it was a very big deal.

(Susie Gerton):
I was at that AAS meeting.

Brandon Lawton:
Oh good.

(Susie Gerton):
And minds were blown.

Brandon Lawton:
Okay. Okay.
Coordinator:
Our next question is from (Michael Redimer). Thank you. Your line is open.

(Michael Redimer):
Hello Dr. Lawton. Thank you for your presentation. A question and the Webb telescope is it fully funded or is there going to be an issue down the road with that.


And secondly maintenance of both the Hubble and the Webb, how does that occur now when we have to go up and make adjustments or to maintain the systems and how is that going to happen going forward?

Brandon Lawton:
Okay, those are great questions. So first of all James Webb is fully funded. So if you may have heard in the past there was a bit of a controversy around Webb.

I mean it was - as things tend to go when you're putting basically all new technologies together for the first time ever on a telescope, it was over budget and there were some management issues.

After that period of time - I can't remember the exact year but it was late 2000s maybe. They redid the management and Congress basically did a different structure with - to fund James Webb which is they said, you're going to get the money to finish it. You know, we'll allocate that to you.

But you have to promise that it won't go over a certain amount of budget and it has to be, you know, it can't go over that budget basically, period, at this point.

And what they did which was very different was they gave NASA essentially, I believe it was something like six months of contingency money. And NASA was told - now that's not different. NASA had that - it looked something like that before.


But what's different this time is from what I believe is that NASA was explicitly forbidden to use that money in anything except for James Webb. In the past they may have used it to help with other missions if they needed it.


But for this the main point is that James Webb has this contingency money that helps pad whenever there's a problem that comes up. And it's still on schedule to launch in, I believe October 2018. And we still have a big pad of that contingency money. And most of the actual space craft is built.

It just needs to be put together and tested. Now you're other question, how will they service it. Now I'm going to talk about Webb first since I was just talking about Webb. Webb is not going to be serviceable.

It's actually going to be parked at the LaGrange 2 point which is on the other side of the moon, so it's very far away and it's actually not - Hubble was - when Hubble was constructed it was built so that it could be serviceable. Webb is not. Webb is completely contained, not built to be serviceable.

It has a nominal lifetime of five years but they're hoping it can go ten. If there's any problems on launch there's some nice things that they've - there's some nice technologies they built into Webb.

So the mirrors - if you look at the mirrors on Slide 40 - the mirrors are segmented and they have little actuators on the back of them so they can actually tune the mirror to make it the perfect shape so that they don't repeat what happened Hubble when Hubble launched which was a misshapen mirror.

So, you know, it's going to be a very nervous day I'll say for astronomers when Hubble - well for everyone I think for when or when Webb launches. But we're pretty confident that things are going the right way. But it will not be serviceable.

Hubble as of right now is not serviceable anymore because the shuttles no longer launch. Hubble is planned to go at least five more, you know, astronomers are planning for it to go at least five more years.

They want at least a two year overlap with James Webb because there's interesting science when they're up there together taking images. But they're already planning on possibly Hubble going ten more years or so on.

If Hubble is not robotically serviced or somehow serviced by humans in the future, eventually in the 20s, late 2020s or early 2030s or sometime in the 2030s, atmospheric drag will cause it to eventually come back into the atmosphere.

But unless servicing mission astronauts attached a little thing on the back of the Hubble so that they can attach a rocket so they can steer it to come back in the atmosphere where they want it to so it wouldn't go over any populated areas it's (unintelligible). There's no action date yet for Hubble.

It's not exactly clear what will happen and we have - we're hoping, you know, at the very minimum at least - at least, at least five more good years of Hubble.
(Michael Redimer):
Thank you.

Coordinator:
We have a question from (Bill Spisery). Thank you. Your line is open.

(Bill Spisery):
Thank you for taking my question.
Brandon Lawton:
Sure.

(Bill Spisery):
Since we are celebrating Hubble here so delightfully. And a lot of the success of Hubble has been since because it was able to be updated by it being serviceable, can you say anything about the decisions to make James Webb a non-serviceable?

Brandon Lawton:
Oh boy. You know, that's - well I will say partly that's above my pay grade. But I will say that part of the reasoning I think that went into was that there was not any expectation that astronauts would be able to go all the way to the LaGrange 2 point to fix Webb anyway in its lifetime.

That was not an expectation. And it has to be parked there simply because it's a very sensitive infrared detecting telescope and if it's too close to the earth, the earth just - just emits a tremendous amount of infrared light. It would just be swamped by earth's infrared light if it were too close.

So it really needs to be - and it's also much cooler out at the LaGrange 2 point so it can passively cool itself to a lower temperature so that the Webb instruments themselves don't emit, you know, too much infrared light. So it had to be parked there.

And I think because it had to be parked far away from earth I think that just led engineers and astronomers and NASA administrators and so on to decide that it would, you know, not to add the added costs of trying to make it serviceable. So that's my two cents.

I wasn't in the room when the decisions were made but that's my guestimate I would say.

(Bill Spisery):
Okay, thank you.

Coordinator:
This question is from (Mark Jones). Your line is open.

(Mark Jones):
Yes, I had one comment and two questions. These images are always so thought provoking. Slide 38 which shows the supernova, it's just amazing the temporal object like that to be imaged from four different spots inside of a very large object like that galaxy. That's amazing.

My questions are the Hubble - or the Webb Space Telescope field of view wise, how does it compare to the Hubble deep field in terms of area?

Brandon Lawton:
That is a great - go ahead.

(Mark Jones):
My next question is I'm always amazed by these very red images. I was wondering if anybody has published images that have been color shifted or corrected to take out the red shift due to distance so we can see these in a bluer and more natural condition?

Brandon Lawton:
Those are great questions. And I think you might have stumped me on the field of view. I'd have to look. I'd have to go back and look and I can certainly send you all the specs for the field of view. It depends on the instrument of course that will look at the deep universe on Webb.

And so I'd have to see what the field of view of the - there's four instruments on Webb that I'd have to check to see that. And in terms of your question about de-reddening or de-coloring, that's certainly possible.

Someone could - now astronomers typically don't do that because there's not - you - basically when you get these images that you see colors of, these images are - when we get them from Hubble they're black and white, right.

And what we do when Hubble takes images - they take images say if were with a visible camera they take it in a certain filter that let's certain colors of light in.

Even though we get a black and white image we know it came from that filter that let certain colors in so we can color it in the computer the appropriate color and so on. And so what they do is they tend to color it closely to the appropriate color that our eyes would see.

That's very typical for how we color them. But there's no reason why they couldn't if they wanted to recolor them - recolor them blue, as long as you add a caveat that, that's how you color coded it.

That you de-redden it which would be fine to do. I just - I don't think - I haven't seen that but that's actually a really interesting question and that would be a really interesting image to look at. To de-redden everything.

I'm actually kind of curious what that would look like because it would depend on the distance of all the objects. So you wouldn't - we wouldn't know how to de-redden everything because we don't know the red shift of everything in the image.


Only the specific images - only the specific objects that we were curious enough to get additional data on probably for a lot of these, so. But that's a really interesting and great question.

Coordinator:
Just a reminder to ask a question press star 1 on your touch tone phone. Our next question comes from (Jeffrey Cassoff). Your line is open.

(Jeffrey Cassoff):
Yes, Dr. Lawton, I was just curious, you mentioned very early on in one of your first slides that the near galaxies are almost as old as the universe that they're 13.1 billion years.


And I know that as you look deeper and deeper you look half way back to the big bang and 3/4 of the way back, are there other areas of the universe where there's galaxy formation going on, you know, at times later than, you know, 500 million years or 800 million years after the big bang.

I know about - I've read about mergers going on that we see of galaxies and building up of galaxies. But this idea of galaxy formation, was it really in a sense, was it really like a onetime event that you needed to be in the early part of the universe in order for galaxies to be forming?

Brandon Lawton:
That's a great question. And so that's a great question because it makes me want to make sure that I don't add a misconception here. Galaxies are continually adding matter and continually getting bigger with time.

And so what I mean by galaxy formation are just - what I think would be better way for me to say it would be when instead of saying formation, just say when galaxies were, you know - one way you could say it is what did galaxies look like shortly after the big bang? That's just one way.

Just put it on the timestamp of the universe. So galaxies that existed 500 million years after the big bang looked this way as opposed to galaxies today. And however you bring up an interesting point which is that we are finding that there are still some - although there are still some.


What we - I don't know how you would call it but there's still some sort of nascent or unperturbed initial galaxies floating around there in the nearby universe. Okay. A lot of the galaxies have had some influence and mergers and interactions and grown and involved with time.

Most galaxies have or at least most of the visible galaxies that we can see. But we are finding some darker galaxies and some galaxies that aren't exhibiting star formation that are harder to spot, that are mostly made of gas.


That haven't been as perturbed, that may represent some older - that maybe be representative of what galaxies looked like in the older universe. So yes, they're - it's not that they're all necessarily born at 500 million years after the big bang or whatever it is.

It's - there is a bit of a continuum there and there might be some leftover - there is definitely some left over material that hasn't been influenced so much in the present day universe. But those are harder to spot.

(Jeffrey Cassoff):
You mean they actually find like the average amount of - the metallicity of the those galaxies? Is it actually lower because they've been more recently formed from gases or from primordial materials?
Brandon Lawton:
Yes, they are a little bit lower although I will say that it's - part of the problem - part of the difficulty with describing the way this works, the model is that even these primordial galaxies are not isolated in the universe.

And these - the big galaxies when they undergo star formation they spit out a lot of these enriched material with metals back into intergalactic space. So the spaces between galaxies actually have a lot of gas and dust that are just to faint to see that have actually been enriched with metals.


And this material can become incorporate at small amounts into even nascent galaxies that haven't done a lot of merging and so on.

(Jeffrey Cassoff):
So they get polluted also?

Brandon Lawton:
They can be polluted also. So it's not necessarily - I don't know if we've actually found anything that represents the first - in the nearby universe the first gas and stars that's still around. But we definitely do see lower metallicity.

(Jeffrey Cassoff):
Okay. Great. Well thank you for your insight on that.

Brandon Lawton:
No problem. Thank you.

David Proper:
And thank you so much. That's actually all the time we have for this evening and thank you all for your excellent questions this evening. This is wonderful and mind blowing and of course a huge thanks to Dr. Lawton for giving us a bit of your precious time especially with this recent Hubble bonanza the last few weeks.

So thanks you so much.

Brandon Lawton:
It's a lot of fun.

David Proper:
This is great. And so that's all for tonight. So you can find this telecom shortly in the next couple days along with many others on the network under our astronomy activities.

If you search for our Hubble telecom, tonight's presentation will come up with full audio and written transcript and all the goodies will be posted by the end of this week and good night everyone. And keep looking up.

Coordinator:
That concludes today's call. Thank you for participating. You may disconnect at this time.

END

