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Coordinator:
Welcome and thank you all for standing by. At this time all participants will be in a listen-only mode and there will be a question and answer session at the end of today's conference. Today's conference is being recorded. If you have any objections, you may disconnect at this time. I would like to turn the call over to Ms. Vivian White. You may begin.

Vivian White:
Thanks so much, (Ivy). Hi, this is Vivian. Welcome to the last Night Sky Network telecon of 2011. We're pleased to have Brian Day here to tell us all about NASA's lunar robotic missions. But before I introduce him, let's open up the lines and here from all of you. (Ivy)'s going to open those up and if you can give us your name and tell us where you're calling in from.
Coordinator:
All lines are open.
Darien O'Brien:
Hello, Vivian, Darien O'Brien from Colorado. How are you?

Vivian White:
Hi, Darien...
Woman:
Darien. Hi.
Vivian White:
...wonderful.

Patrick O'Brien:
Well, hello, Vivian, I'm Patrick O'Brien from Omaha, Nebraska. How are you?
Vivian White:
Hi, Patrick, wonderful.
Man:
(Unintelligible).

Woman:
I'm great.

(Nick Dulish):
Hello, Vivian, this is (Nick Dulish) with the Mohawk Valley Astronomical Society located near Utica, New York.
Vivian White:
Wow. Hi, (Nick).
Man:
This is...
Man:
I'm (unintelligible).

Art Zorka:
Vivian, this is - Vivian, this is Art Zorka in Atlanta.

Vivian White:
Hi, Art.
Woman:
Hey, Art.

Stewart Myers:
This is Stewart Myers from AAI in New Jersey.

Vivian White:
Hey, Stewart.

Woman:
Hi, Stewart.

Bill McFadden:
Bill McFadden, Statesboro Astronomy Club.

Woman:
Hi, Bill.

Vivian White:
(Unintelligible).

(Dan Brown):
(Dan Brown), Statesboro Astronomy Club in Vidalia.

((Crosstalk))

Theo Ramakers:
Theo Ramakers, Charlie Elliott Chapter of the Atlanta Astronomy Club. (Unintelligible).

Woman:
All right. Hi, (Theo).

Theo Ramakers:
How you doing?

Man:
(Unintelligible).

Woman:
Great.
Cheri Adams:
Cheri Adams, Miami Valley Astronomical Society in Dayton, Ohio.
Vivian White:
Hi, Cheri.

Woman:
Cheri.

Cheri Adams:
Hi.

Virginia Renehan: Virginia Renehan from Amateur Telescope Makers of Boston calling from Boston, Massachusetts.

Woman:
All right.

Tom Dorsey:
Tom Dorsey from WACO, Whatcom Association of Celestial Observers in Ferndale Washington.

Woman:
All right. Welcome.

(Dick Grossi):
(Dick Grossi) from the Lake County Astronomical Society, northwest of Chicago.
Woman:
Welcome.
Man:
(Unintelligible) from AAI, New Jersey.
Man:
Well, they've got people from all over the country.
Woman:
Yes.

(Paul Comler):
(Paul Comler) (unintelligible) Astronomical Association.
Woman:
Hi.
(Tom Jardine):
(This is Tom Jardine) from the Rowan County Astronomical Society, Mocksville.

Man:
Hey, Tom.
(Tom Jardine):
Hi.
Man:
(Unintelligible).

John Gallagher:
John Gallagher, Hawaiian Astronomical Society.
Vivian White:
John.

Woman:
Aloha.
Roman Sill:
This is Roman Sill, Celestial Observers Guild, Skowhegan, Maine.
(Adam):
(Adam) from...
Woman:
Hey.

(Adam):
...(Unintelligible) Maine here.

(Emilio Bilanski):
(Emilio Bilanski) from AAI, Cranford, New Jersey.
Woman:
Welcome.
(Veronica):
(Veronica) (unintelligible) from Berks Astronomy in Reading, Pennsylvania.
Woman:
Hi.
Woman:
What a great group.
Man:
(Unintelligible).

Russ Drum:
Hello, this is Russ Drum from Star Astronomy in Lincroft, New Jersey.
Woman:
Super.
Woman:
Great.
Nancy Twaskas:
Nancy Twaskas from AAI Astronomy Club in Cranford, New Jersey.
Woman:
(Unintelligible).

Mike Feinstein:
Hi, I'm Mike Feinstein from the Stillwater Stargazers Club near Troy, Ohio.
Woman:
All right.
Laura Burchell:
Laura Burchell from the Astronomical Society of Salt Lake City.
Woman:
Welcome.
(Clay):
This is (Clay) (unintelligible), well, (I can call in) and say I'm from New Orleans (unintelligible).
Vivian White:
All right, well, it's great to have everybody here. I think we'll close up the lines now and get started.
Coordinator:
All lines have been closed.
Vivian White:
Thanks so much. All right, well, it's so great to have you all here with us tonight. We've also got Marni Berendsen and Jessica Santascoy on the line from the Night Sky Network. Hi, guys.

Woman:
Hi.
Woman:
Hi, everybody.
Woman:
(Unintelligible).

Woman:
So happy to be here...
Woman:
Yes.
Woman:
...and see all of you.
Vivian White:
All right, so I hope everybody out there has their slides and is ready to start with the presentation. If not, you can see them online at www.astrosociety.org/nsntelecon, that's NSN telecon, like Night Sky Network. And if you have any problems along the way, feel free to email us at nightskyinfor@astrosociety.org. And after the presentation, we would love to hear from you guys again with any questions and we'll tell you how to do that when we get there.

And so without further ado, let me introduce you to the talented, the lovely, Mr. Brian Day. I've had the pleasure of doing outreach with him on some of his previous projects, including the LCROSS mission. Brian's been with NASA for over a decade now. Before that he wore many, many hats in the San Francisco bay area around here. We've seen him (through) serving as many different positions, including chairman of the observatory at Foothill College for 16 years, I think.

Brian Day:
Yes.

Vivian White:
Currently, he's the education and public outreach lead at the NASA Lunar Science Institute working with the LADEE mission, which we're going to hear all about in a minute. Brian's also an avid eclipse hunter as well. How many eclipses have you seen to date, Brian?

Brian Day:
Oh, let's see, I believe it's 12.

Vivian White:
Twelve. And I imagine you'll be viewing the one in May around here. Where - have you decided where you're going?
Brian Day:
I'm still working on that. Probably, I'm - (yes), I'm leaning towards the desert southwest, Grand Canyon, canyon (unintelligible)...
Man:
Yes, man.

Brian Day:
...something like that.
Woman:
That sounds great.
Vivian White:
All right, so we can't wait to hear from you, Brian. Thanks so much for joining us.
Brian Day:
Thank you very much for having me and I'm glad that so many people from so - such a wide area have joined us tonight. So we're going to talk tonight about a really new view of the Moon. So I'm going to click off the title slide here and onto the slide labeled 2.

Looking back at the Apollo era of lunar exploration, we came out of that with a view of the Moon as being a very static geologically dead, completely arid and completely airless world. However, a new generation of robotic lunar explorers is radically changing our view of the Moon. And so what I'd like to do tonight is give you a little bit of an update on what these explorers have showed us and how our view of the Moon has changed.

Going to the next slide, we'll start out talking about LCROSS. I just can't leave that mission behind. So the LCROSS mission was designed to excavate one of the permanently shadowed craters at the South Pole of the Moon. It did that by slamming the Centaur upper stage of our moon rocket into the permanently shadowed crate Cabeus at a speed of 2.5 kilometers per second and blasted hundreds of tons of material up out of the shadows into the sunlight and high into the lunar sky and then our little spacecraft flew through that cloud of debris, sampled it, and let us know if there was, in fact, any water there. This was a fun mission.

So now on Slide Number 4, what did we see? Well, if you take a look here, you will see the dark shadowed area of the crater Cabeus, and if you look very closely in the center of that shadowed area, you will see a bright spot. That is actually the impact flash of the Centaur striking the shadowed floor of Cabeus.

The next slide, we'll see, again, a wider angled view of Cabeus. Again, this is taken from the shepherding spacecraft, from the LCROSS spacecraft, and you'll see a slightly brighter area in that shadow. That is actually the dust plume rising up out of the shadow, so we kicked up a lot of dust.


And we'll go to the next slide to put that dust cloud in perspective, so using photo - or let's see, did I - yes, so using Photoshop, we've taken that same dust cloud and superimposed it over the city of San Francisco just to give you an idea, yes, that was a pretty big cloud of dust that we kicked up. For people on the East Coast who aren't necessarily familiar with California geography, we also created a version of this showing the same dust cloud over Washington, DC. For some reason we don't get to show that slide anymore. But at any rate, this was a big cloud of dust.

Going to the next slide, you will see one of the last images that the LCROSS spacecraft returned to earth and this is as it was approaching the floor of the crater Cabeus and it imaged a brand new crater. This was the crater that was actually created by the impact of the Centaur.

Moving on to Slide Number 8, we're now looking at the data returned from LCROSS. The - this is a spectral trace of the data from LCROSS. The red line is the reference spectra for water vapor and the black dots are the actual data returned by LCROSS. And you will see that wherever you have an absorption feature, it dipped in that red line, you actually see a dip in the data coming from LCROSS showing that we did, in fact, detect water.

Now you'll see there is some additional dips there. That's because we also detected a whole lot of other stuff besides water. And, as a matter of fact, scientists for years are going to be teasing out of the data from LCROSS all of the things that we found in the South Pole of the Moon.

Going on to Slide Number 9, just to summarize, the ground that we hit in Cabeus was about 5.6% by weight water ice. And it was about 20% by weight ices of all types, CO2, frozen methane, frozen ammonia, et cetera. But there was a lot of water ice there, a surprising amount, so this was very encouraging.


So now moving on to Slide 10, we launched on LCROSS with another mission and that mission LRO is still in orbit about the Moon. LRO is creating a comprehensive atlas of the surface of the Moon. It has a very high resolution camera that is returning just spectacular imagery of the Moon. It has a laser altimeter that is giving us finely detailed...
Woman:
Well, while we're waiting...
Vivian White:
Are all the lines still open?

Woman:
Yes, the lines are all still open. We're good.

Vivian White:
Well, okay. So let me just...
Woman:
So...
Vivian White:
...take this time to talk a little bit about Facebook and thank everyone for going on to our Facebook page and answering questions from the public. When you do that it's really, really wonderful because I think it's important for them to hear from the amateurs directly. And we just want to encourage you also, if you have any pictures, to share them with the Night Sky Network Facebook audience because they love to them.

And we get - we do sky dates - sky updates on Twitter, too, so a lot of you don't have the time to run Facebook and Twitter feeds, and we completely understand that, so if you want to send them to us, to the Night Sky Network Facebook page and Twitter feeds, that's really, really great and we would love to see them there.
Brian Day:
This is Brian Day again.

Vivian White:
All right. (Unintelligible).

Woman:
Oh, you sound wonderful, Brian.

Brian Day:
I'm - I have no idea what happened there.
Woman:
No, well...
Brian Day:
Okay, well, that was interesting. Where were we when you lost me?
Woman:
We lost you on Slide 10.
Brian Day:
Okay, so I'm going to back up to Slide 10. So talking about LRO, the Lunar Reconnaissance Orbiter.

Woman:
There you go.

Brian Day:
And so this - when LCROSS launched, it launched along with the Lunar Reconnaissance Orbiter. LRO is still in orbit around the Moon and it is creating a comprehensive atlas of the surface of the Moon. It includes a very high resolution camera. We'll talk a little bit about that. It includes a laser altimeter getting - giving us very fine data of all the ups and downs on the surface of the Moon. It is characterizing the radiation environment of the Moon, the thermal environment of the Moon. It's doing neutron spectrometry so it can tell us where water ice may be lurking. Again, it's going to be a comprehensive atlas of the surface of the Moon.


Moving on to Slide Number 11, here is an image from LRO looking at the Apollo 14 landing site. On the right-hand side of the picture, you can see the descent stage of the lunar module. On the left-hand side of the picture, you can see an arrow pointing to one of the instrument packages left behind by the Apollo astronauts. And if you look very carefully between these two spots, you can see a series of squiggly dark lines. Those are, in fact, the footprints of the Apollo astronauts. So this is, again, pretty spectacular resolution.


Moving on to Slide 12, you and the public you interact with can actually help us out. You can participate in the LRO mission. It turns out we are getting an avalanche of high-resolution data back and so through a number of programs, including Moon Zoo, you can - you and the public can actually participate in analyzing the images coming from LRO.

They're - you go to this site, moonzoo.org, and you'll go through about a five minute video tutorial on how to have the images from LRO downloaded to your computer and how to actually help analyze them. There are a number of processes you can do, crater counts to help determine the age of the areas we're looking at, looking for fresh craters, looking for boulders that have been excavated by impacts. You can help us develop the database of surface features on the Moon.


Moving on to Slide 13, one of the things that LRO is revealing to us is that the permanently shadowed craters at the poles of the Moon are, in fact, the coldest places we have yet measured anywhere in the solar system, about 25 degrees kelvin. This is even colder than we have measured on the surface of Pluto. Again, the Moon has almost no seasons and so the floor of these craters have been very, very dark and very, very cold for over a billion years. Very exciting place.


Slide 14, we are finding that, as a matter of fact, water ice is not limited to these permanently shadowed regions. It turns out that at the poles the sunlight is coming in at so low an angle that it does a very poor job of warming the soil. And so even in areas that experience some sunlight, there is apparently permafrost just beneath the surface. So that means that water ice was much - is much more prevalent than we had initially thought it'd be - might even be.

There's water at the North Pole too. So we've moved on to Slide 15. It turns out the Chandrayaan probes Mini-SAR instrument has found more than 40 permanently shadowed craters at the North Pole that are estimated to contain a total of perhaps 600 million tons of water ice. So yes, there is water ice on the Moon and in significant quantities.


On Slide 16, we see that, fascinatingly enough, water is not limited to the poles. The Chandrayaan probe found that, as a matter of fact, there is a thin scattering of water molecules in the soil of the Moon in the lunar regolith and this extends even away from the polar areas. It's a very thin scattering of water molecules, but still far more than we had ever expected. Something interesting is clearly going on here.


Slide 17, where did this water come from? Well, we have a couple of excellent candidates. Obviously the Moon is bombarded by comets and has been bombarded by comets for a long time over its history and they contain significant amounts of water ice. Also we have the solar wind and the solar wind consists of high velocity hydrogen atoms that when they strike the surface of the Moon can interact with oxygen atoms from the silicates in the lunar minerals and the hydrogen and oxygen could combine to form water.


Moving on to Slide 18, we realized very early on that while the Moon may have water, we felt very, very certain that the - this water came from external sources and was not native to the Moon itself. And this understanding comes from what we see as the formation of the Moon having resulted from a collision early on in the solar system, about 4-1/2 billion years ago, between a proto-Earth and a planet about the size of Mars.


Most of that debris was ejected, some of it was lost to space, much of it formed a disk circling around this new Earth. That disk started to coalesce and eventually formed the Moon. But because that disk was formed in such a high temperature environment, it was very clear that most of the volatiles would have been driven off and therefore this disk and the material that the Moon formed from would be very, very dry.


Moving on to Slide 19, we now realize that we don't know nearly as much as we thought we did. It turns out just this year we were able to take a closer look at some of the beads of volcanic glass that were returned by the Apollo astronauts. Some of this orange soil is tiny beads of volcanic glass that was erupted in fire fountains long ago. And when we look at the composition of those volcanic beads, they are, in fact, very, very dry, but, well, gee, you'd expect that because if magma has erupted into a vacuum any water vapor is going to outgas.

But inside some of these beads of volcanic glass, there are these tiny little lunar melt inclusions, little crystal encases of (alabean) in many cases, that actually encase magma from beneath the surface of the Moon. That magma was protected from outgassing and only in this past year or so had we developed the technology with ion microprobes to go inside these crystal encases and extract the magma material that is inside and we have discovered that the water content inside these inclusions is about equal to the water content in terrestrial lava erupted at our mid-oceanic ridges. That was a complete surprise. Clearly we are having to rethink some of our understanding of the earliest days of the Moon and how it formed.

Something else we're seeing from LRO, looking at Slide 20, we see these features all across the Moon, lobate scarps. And these are low angle cliffs that form across the Moon and they seem to be indicators of a shrinking moon. As the Moon cools and shrinks, the surface buckles.

The really amazing thing, if you look at the inset, you'll see that in a number of cases these lobate scarps actually are overriding relatively small fresh looking craters. This clearly shows us that these lobate scarps are younger than the craters. And in a number of cases, we have some of our prominent lunar scientists finding evidence that perhaps this process is still continuing today. The Moon still could be shrinking and these lobate scarps advancing. So again, back in school when I learned that the Moon was geologically dead, this seems to contradict that.

Moving on to Slide 21, moonquakes. You know, we anticipated finding moonquakes way back during the early days of Apollo. We thought they would form from, well, meteoroid impacts. We also anticipated moonquakes deep in the Moon from tidal stretching, the gravitational influence of the Earth meeting the Moon. We also expected to see thermal quakes caused by the expansion and contraction of surface rock as it goes from the very cold of the lunar night to the very hot of the lunar day.

But we have found that there's an additional class of earthquakes that we did not expect. These earthquakes are relatively shallow. They can get up to magnitude 5.5 and last for over ten minutes. Now I have to tell you, if you were sitting on any object that gives you a 5.5 magnitude earthquake that lasts for over ten minutes, you will quickly conclude that that object you were sitting on is not geologically dead. What causes these earthquakes? We don't know. However, we're going to hopefully find out soon.

Moving on to Slide 22, we have a new mission to the Moon, GRAIL. This just launched this past September. It consists of two spacecraft that are flying in formation in orbit around the Moon and they have a microwave link that is very precisely measuring the separation between the two spacecraft to within less than a micron.

And as these spacecraft fly over variations in mass concentration beneath the surface, that will cause the separation between the two spacecraft to either expand or contract and as they make orbit after orbit after orbit, that will all be able to be added together to create a map of the lunar interior, mapping the Moon's interior from its core to its crust. We've done a very good job to date of studying the surface of the Moon, we are now finally able to study the interior of the Moon.


Moving on to Slide 23, we have another pair of spacecraft currently in orbit around the Moon, the ARTEMIS mission, that is studying the magnetic and plasma environment around the Moon. They are actually looking at the interaction of the solar wind with the lunar surface. These are actually two spacecraft that were originally part of the THEMIS mission, a five spacecraft constellation studying the space weather around Earth, but as their mission drew to an end, these two spacecraft were maneuvered, they had significant fuel left over, so they were able to make their way to the Moon and are now studying the solar-lunar interaction.

On Slide 24, we see that, again, ARTEMIS is going to be studying how the solar wind electrifies, alters, and erodes the lunar surface and this could provide valuable clues to the origin of the lunar atmosphere. One of the things you'll see here from the diagram is that the solar wind actually extends the lunar atmosphere into a comet-like tail and once a month the Earth actually passes through this tail of lunar atmosphere.

Moving on to Slide 25, I've actually said something pretty provocative here, I'm talking about a lunar atmosphere. Now when I went to school, again, I learned that the Moon did not have one. But as a matter of fact, it do - the Moon does have an atmosphere and it glows. It is energized by the energy from the Sun.

You can see an actual picture taken of the lunar atmosphere using a coronagraph here on Earth. It grows - it glows brightly, but you've never seen that bright glow because, well, it's always right next to the big bright moon. But if somehow by magic you could remove the Moon and leave that bright glowing atmosphere behind, that atmosphere is actually bright enough that in a dark sky you would be able to see it with the unaided eye. It's pretty amazing.

Now it is a very, very, very thin, tenuous atmosphere, only about 100,000 to a few million molecules per cubic centimeter. It glows most strongly from atoms of sodium, but we believe that they are actually a minor constituent. What is it really made out of? Well, we don't know yet.

Moving on to Slide 26, the lunar atmosphere is actually properly described as a surface boundary exosphere. What's the - what this means is it is thin enough that as opposed to here on Earth where the motions of molecules are dominated by collision, on the Moon these atmos- these molecules are free to carry out ballistic paths without actually colliding. It is essentially a collision-less environment. There are a wide variety of processes and sources and (blots) mechanisms that are applicable here. At least, so we theorize.

Moving on to Slide 27, we also think that there may be an active dust component in the lunar sky. We got our first clues of this from the Surveyor missions before Apollo. As they'd look to the lunar horizon, they would see these glows with the Sun still beneath the horizon. But if there was nothing in the lunar sky, then what is catching and reflecting the sunlight? Initial thoughts were that it could be, in fact, dust raised above the surface of the Moon somehow.

Moving on to Slide 28, we got confirmation of this from the Apollo missions. In a number of cases, astronauts would look at the windows of the command module and see brilliant streamers coming up from above the lunar horizon when the Sun was still just below the horizon. And these streamers would reach to relatively high altitudes, so, again, the thought was perhaps it was dust.

We got additional information on this from one of the instruments left behind on Apollo 17, the Lunar Ejecta and Meteorites Experiment. It was looking for signatures of micro meteoroid impact and it actually registered very, very, very significant numbers of impacts, tiny, tiny impacts though, that would peak twice a lunar day, once at lunar sunrise and once at lunar sunset. And again, this has been interpreted as perhaps being dust molecules transported across the lunar terminator, dust molecules that might be - or dust particles, excuse me, that might be levitated electrostatically by the different energy environment on other side of the terminator.


Moving on to Slide 29, we see that there are a variety of sources, again, for this lunar atmosphere, solar photons, energetic particles coming from the Sun, meteoritic impact. We also have chemical reactions, interior outgassing, photon stimulated desorption, radiation sputtering, so a lot of things could be knocking molecules off the surface of the Moon. We also have this very different energy environment between the day side and the night side that could cause electrostatic levitation of dust.


Moving on to Slide 30, this gets us into a really interesting concept, the concept of perhaps a lunar water cycle. That's something I never dreamt of saying just a few years ago. That you ha- could have formation of lunar volatiles such as water at variety of latitudes, the molecules would then hop in ballistic - random ballistic paths and eventually perhaps make their way to the poles where they would encounter a cold trap in one of these permanently shadowed craters. But even those permanently shadowed craters are, in fact, highly - experiencing high degrees of radiation and that radiation could cause sputtering, knocking molecules out and again into the lunar atmosphere. So we could, in fact, have a lunar water cycle, who would have thought.

Moving on to Slide 31, why in the world do we care? Well, it turns out that this type of surface boundary exosphere that the Moon has is actually the most common type of atmosphere in the solar system. Our Earth's atmosphere is an exception. Mercury has a surface boundary exosphere, some of the moons of the larger giant planets have surface boundary exospheres, some of the larger asteroids and even Kuiper Belt objects. This is the most common type of atmosphere in our solar system and we know next to nothing about it. But we happen to have one in our own backyard, how fortunate is that?


Moving on to Slide 32, so how are we going to study the lunar atmosphere? Well, this is something we'd better do fairly soon before we have significant operations on the Moon because as you start getting humans, sending out rocket exhaust and exhaling and belching and whatever else they're going to be doing on the surface of the Moon, that will significantly change this pristine lunar atmosphere, so now is the time to study it.

And we are going to do that with a new mission, the Lunar Atmosphere and Dust Environment Explorer. It is going to go into orbit around the Moon and it is going to dip down low into the lunar atmosphere sampling it, letting us know what its structure is, how it changes over time, what it is made of, it's also going to measure the dust environment, it's going to be an exciting mission.

Slide 33, we see the kind of instrumentation we're going to have aboard LADEE. We are going to have a neutral mass spectrometer and an ultraviolet and visible light spectrometer that will help us determine the compositions of the gas and dust that we encounter. We have a lunar dust experiment that will be counting the density of the number of particles, dust particles that we are finding in the lunar environment. We're also going to be doing a technology demonstration, trying out laser communication so that we can get essentially broadband data speeds going across the solar system.

On slide 34, you can see the spacecraft configuration. We are a small spacecraft, only 330 kilograms, 53 kilograms of that is actual payload mass. We like to say that we are big science for only a small spacecraft.

On Slide 35, you'll see that we are trying out, also, we'll be the first mission to use this new Modular Common Spacecraft Bus. If you look at most missions that NASA flies, each one is designed differently. They're pretty much one-off designs. That gets expensive, so we're now looking at a new modular design that could be used for asteroid rendezvous, Earth - orbiting Earth, landing on the Moon, a common design, this should reduce space mission costs in the future.

The LADEE mission profile. We are scheduled to launch in May of 2013 and we're going to launch from the Wallops Flight Facility in Virginia. We will be the very first deep space launch from Wallops. Wallops has launched a number of sounding rockets and Earth orbiting probes, but we will be the first deep space mission. We are also going to be the first mission to fly on the brand new Minotaur V rocket, so a lot of exciting firsts here. We will go into a 100 day science mission orbiting around the Moon.

Slide 37, now we get into how you can participate. One of the things that amateurs can do and are doing are actually imaging the flashes of meteoroid impacts on the Moon. This is important to us. We would love to have as many eyes and essentially cameras observing the Moon during the LADEE mission and recording these meteoroid impacts. We believe, again, that meteoroid impacts could be a significant source for the lunar atmosphere and so it would be wonderful to be able to correlate changes that we see in the structure and composition of the lunar atmosphere with these impact flashes that you detect.


Moving on to Slide 38, we see that phase of the Moon is actually a critical factor in observing these meteoroid impacts. You do see the flashes, the impact flashes on the unilluminated side of the Moon. So that means you want a phase of the Moon that does have significant dark on that moon. When the Moon is near first quarter, we get a view of the leading edge of the Moon, the leading side of the Moon, and therefore you're likely to see - more likely to see meteoroid impacts than you are at third quarter when we're looking at the trailing edge of the Moon.


Phase also matters because when you're looking near full phase, you've got so much glare and so little unilluminated real estate inspect that you'll probably see very few meteors. Also if you're looking too close to new moon, well, the Moon is not in the sky long enough to make significant observations.

On Slide 39, so what do you need to do this type of thing? It's actually a fairly modest set of requirements. An eight inch telescope is fine. We say eight to 14 inches of an aperture. That's very common amongst the amateur community. You want approximately one meter of effective focal length. The meteoroid impacts are detected with a video camera and the type of video cameras that are recommended are actually widely available at, you know, for less than $300. And so we can provide you with all kinds of information on how to participate.

We can also provide you with software because one of the last things you're going to want to do is go through frame by frame looking for evidence of a flash. That will drive you insane very, very quickly. But we can provide you with software free that will allow you to stream your AVI video through the software and it will look for candidate flashes and it'll come back and tell you, you might want to look at frame 1372, there's something interesting looking there, so this can help you out.

Okay, looking at Slide 40. So not all people, and a lot of the public that you deal with, probably isn't going to have the kind of sophisticated telescope that would be necessary to record meteoroid flashes, but that's okay. These people can still directly participate in the science of the LADEE mission. And that's because most of the impacters on the surface of the Moon are, in fact, very, very small, too small to create a visible flash from here on Earth, however, since the Earth and Moon travel through space together and they travel through these streams of debris together, we can see even small particles when they encounter the Earth's atmosphere and light up the sky as a meteor.

And so during the LADEE mission, what we would ideally like to have is people doing meteor counts. And from what we are seeing happening here on Earth, we can then make inferences as to what is happening on the Moon and then, again, correlate that with what we're seeing in our instruments.


On Slide 41, let's take a look at some of the major meteor showers in 2013 and we have a number of them. The one I want to draw your attention to is, of course, one of everybody's favorites, the Perseids. It occurs on August 12. A waxing crescent moon. We see a picture there of the phase of the Moon. You'll see a large unilluminated area. Because that is approaching the first quarter, we are seeing the leading edge of the Moon. So this is an ideal phase for recording meteoroid impacts.

One of the wonderful things about this phase of the Moon is though it will set before - so shortly before midnight so that as the - your observing site here on Earth rotates around to the leading edge of Earth and the best possible viewing of the Perseid meteors, the Moon will have gotten out of the way. So the first part of the evening is great for observing impacts on the surface of the Moon, the second half of the evening - of the night is perfect for counting meteors here on Earth. This is an ideal situation for you and the public that you interact with to become active participants in the study and our understanding of the lunar atmosphere.


So with that, I will come to a close here and assuming that I have not stunned you all into unconsciousness, we'll try and take some questions.
Woman:
Oh, wow.

Vivian White:
Brian, thank you so much. That was fantastic. Really great to hear. It is really the renaissance, a really amazing age for lunar science. You guys are doing amazing stuff.

So I think we'll open it up for questions now. (Ivy), are you there?

Coordinator:
Thank you. We would now like to open the lines for any questions. If anyone does have a question, please hit star 1 and record your name when prompted. Again, it's star 1 to ask a question. One moment to see if we have questions.


Our first question comes from Patrick O'Brien. Your line is open.
Patrick O'Brien:
Well, hello. Can you hear me okay?
Brian Day:
Wonderfully, Patrick...
Woman:
Sure.

Brian Day:
...thank you.

Woman:
We can, Patrick.

Patrick O'Brien:
Well, thanks a lot for the demonstration, Brian. And I was curious, I have two questions, one is on Slide 25. I'm going to pick out Slide 25 because we're not - we're on Slide 42, but now I'm going to go back to Slide 25. And my question is in the diagram of the Moon I only see a white half of the white and on the rainbow scale to the right of that diagram it's a ra- it's actually a rainbow, but the top is also white, and I was curious, is there any correlation between the white half-moon is what I'm assuming on the diagram and the top of that rainbow (unintelligible)?

Brian Day:
Good question, Patrick. Thank you very much for asking that. So what we're seeing here is actually a image of the Moon taken with a coronagraph setup. So the actual Moon itself, in order to record this glow of the outer atmosphere, actually had to be blotted out by an occulting disk, so the Moon itself is actually not visible in this image. But in order to essentially provide scale and an illustration of the phases of the Moon, that was superimposed in the middle of that black disk. So when you see the, quote, image of the Moon there, the image of the Moon was not actually recorded in this photograph. That was just...
Patrick O'Brien:
Okay.

Brian Day:
...put in afterwards for reference.

Patrick O'Brien:
Well, that explains it and appreciate that. And also on - I took a look at qu- on Slide 41 you have a list of the asteroids or the meteorites...
Brian Day:
Meteor showers. Yes.
Patrick O'Brien:
...and it turns out that it, in case you don't know and in case the audience doesn't know, tonight is November 17 and that's when the Leonid shower is most impressive for the year 2011. As opposed to this, this is supposed to be in 2013, it says November 19, but in case there's any question, that's - 2011 it should be November 17, so if you go out right now, you can probably see the Leonid meteor showers.

But tonight is very - it's going to be a bright moon and after a little bit of time, after about midnight all the Moon, it'll be whitewashing the meteor shower. But if you s- if you go out have to be just be right after sunset or just before tomorrow sunrise, you can see the meteors.
Brian Day:
That's an excellent point and I hope your weather, wherever you are, is better than our here in the San Francisco Bay area where we're completely clouded over.

Patrick O'Brien:
(Unintelligible).

Brian Day:
We will be working with a number of experts including Peter Jenniskens at SETI and the NASA Meteoroid Environment Office, these people will help us in determining the specifics of each of the meteor showers during the course of the LADEE mission. Because for each meteor shower, typically you'll find you will have multiple streams dating from different years of the parent comet's passage and so sometimes certain streams are more favorable than others. So one of the things I hope to do on the LADEE mission Web site during 2013 is post updates for each of the meteor showers so that we can get really, really detailed information. Thank you for pointing that out.
Patrick O'Brien:
Oh that's very good. Well, thanks a lot for the presentation, Mr. Day. Good job.
Brian Day:
(Well), thank you.

Coordinator:
Thank you. Our next question comes from Theo Ramakers. Your line is open.
Theo Ramakers:
Hi, Brian. This was a great presentation. I really do appreciate that. I have a question on Slide Number 4 and Slide Number 5. When - on the night of October 2009 when L- when the impact was made, we were imaging the sequence here from the Atlanta region and we were very, very disappointed that we didn't see any plumes, you know, because there so much noise made about visualizing that from Earth and, you know, a lot of schools were notified to witness this, too, and so nothing happened.

My question is if I look at the sequence that came down on the NASA Web site from the LCROSS mission when it went down and was imaging that, that plume was not detectable. Now where is this image made from in Slide Number 4?
Brian Day:
Okay, so how did we see this? Very, very, very good question. So the picture that you see in Slide Number 4 was actually taken with the mid-infrared camera.
Theo Ramakers:
Okay.
Brian Day:
So what we saw was a thermal flash. We did not, and as everybody who was looking at the Moon that night in terms of a visible flash and a visible plume, we were surprised at what we didn't see and at first the reaction was one of great disappointment. And I remember I was working with a lot of the amateur community that was...
Theo Ramakers:
Oh yes.

Brian Day:
...observing at the time and they all - some people talked about a dud and, you know, what in the world happened? And this was absolutely not what any of u- what we had, you know, had thought was going to happen. But then I remember one of the local amateur astronomers, Ken Lum, actually finally (streaming) up on one of the discussion boards, he goes, "You know something, a negative result is actually pretty fascinating."

And it turns out a negative result really was fascinating. Why didn't we see this visible flash? And it turns out the reason that we didn't is because the ground we hit was exceptionally porous. It was fluffy. And so when the space- when the Centaur hit the ground, instead of essentially detonating on the surface, it burrowed deep into the ground and its energy was released under the ground and a lot of that energy was absorbed and went into phase change of the ices going from solid to gas. So the fact that we didn’t see this visible flash was the first clue that the ground we hit was really phenomenally icy and phenomenally...
Theo Ramakers:
So you're saying that...
Brian Day:
...fluffy.

Theo Ramakers:
...the feed that came down at the time of the impact on the NASA network was a visible light image?
Brian Day:
That's correct.
Theo Ramakers:
Okay.

Brian Day:
So what we were looking at on our first...
Theo Ramakers:
Okay.

Brian Day:
...broadcast - so we actually had the feed coming from multiple cameras on the spacecraft...
Theo Ramakers:
Yes.

Brian Day:
...and we elected to show the visible light image because, well, that's where we were expecting to see this beautiful visible flash. And I will tell you that I was pretty darned surprised there myself in the mission operations room when - building when I did not see the flash. But we also had signals coming from the other cameras at the time and we did see this flash in mid-infrared.

But one of the wild things was that the flash that we saw in mid-infrared, the thermal flash was delayed by 1/3rd of a second. It didn't show up until 1/3rd of a second after impact. And so, again, this - these are the pieces that all led us to finally understand that this ground that we hit was so soft, so fluffy, so ice filled that we had just burrowed down inside of it.
Theo Ramakers:
Now the impact was only the shell of the Centaur, right?

Brian Day:
That's correct.

Theo Ramakers:
Okay. I have another question on Slide 38 - 39, if I may.

Brian Day:
Okay. Let me scroll down to that.
Theo Ramakers:
I do a lot of imaging of planetary and solar stuff and so I'm pretty interested in this - in helping out in this. My question is what are you mostly interested in and what kind of a field of view?

Brian Day:
I'm going to refer you to actually - actually I guess I'm going to ask is there a way I can share some documents with the Night Sky Network. So Vivian, what I'd like to do is send you a minimum systems requirements for this program and basically it will give you the details of what will be required. But...
Vivian White:
Yes, absolutely. You're welcome to do that. I'll - for everybody who's listening, I'll go ahead and post that on the resource download where this telecon will be posted too.

Theo Ramakers:
(Unintelligible).

Vivian White:
So you can find that there as soon as I get it.

Theo Ramakers:
We analyzed the raw data that Christopher Go and Anthony Wesley made from the flash on the - on the flashes on the - on Jupiter, so very interested in that.

Brian Day:
Excellent, excellent.
Vivian White:
Great.

Brian Day:
Well, if you're able to do that then this is, you know, very, very, very well within the range of the type of thing that I would hope you'd be interested...
Theo Ramakers:
Yes.

Brian Day:
...in participating in.
Theo Ramakers:
Cool. Thank you.

Brian Day:
Especially during the course of a meteor shower when we have a chance of seeing, you know, multiple impacts in an evening.
Theo Ramakers:
Cool. Thank you very much.
Brian Day:
Thank you. I'll also point out here that there is - I'm going to give a plug. I have no tie with the book, but there is a wonderful book out about observing lunar meteoroid impacts. It's by Brian Cudnik and you can find it on Amazon or it - it's very easily available. But there's actually a book on how to go about doing this.
Theo Ramakers:
(Cool).

Brian Day:
But I will also provide details, a frequently asked questions document, as well as a minimum systems requirements document and I'll provide that to Vivian. I'll have that to you tomorrow, Vivian, so that we can distribute that to the group.

Vivian White:
Great. Thanks. I think we've got time for one more question.
Coordinator:
Thank you. Our next question comes from Darien O'Brien. Your line is open.

Darien O'Brien:
Thank you. I really appreciated the discussion tonight. A great job, Brian. Very interesting. In addition to that information, could you also provide that reference for the book you just mentioned to...
Brian Day:
Absolutely.

Darien O'Brien:
...display that on our Web site. That will be really useful for everyone.

Brian Day:
Yes, I will. And I'll point out that Brian Cudnik who wrote the book is actually the lead for the lunar meteoroid ob- impact observation section for ALPO, the Association of Lunar and Planetary Observers. So there is an infrastructure for you to do this.

Darien O'Brien:
And my question is also on Slide 39, because we're also interested in the possibility of helping out, will the lunar scan software - is that already currently available? Could we do some testing and practicing before the critical 100 day time interval in 2013 provided for us?

Brian Day:
Absolutely. So it is available for download. I will be providing you with that URL. That is provided by - that is available from the NASA's lunar Meteoroid Environment Office. And so again, I will be providing that information to you.

And what I am going to recommend, since 2013 is the year of LADEE's mission, I would love to see 2012 be an opportunity for people to make practice runs. So this is a great - this will be a great year to hone your skills at detecting lunar meteoroid impacts and doing meteor counts. And so as the public and the amateur astronomers developer their skills and get their equipment all working in a very smooth fashion, we can do that during 2012 so that come 2013 we are ready to go. And I will have this information available to you all tomorrow.

Vivian White:
Wonderful. Oh, Brian, thank you so much. It is always just such a pleasure hearing from you. That was a great teleconference and I know that people are going to be really interested in this. I'll be sure to post the resource page that you'll send and the book reference up on the teleconference page where you - where everybody found this telecon and PowerPoint to begin with.

So thanks everybody for joining us out there. I hope it's clear skies viewing for the lunar eclipse December 10. And if - as always, if you have any questions or ideas for us here at the Night Sky Network, don't hesitate to let us know. Thanks again, everyone, have a great night.

Brian Day:
Thank you all.

Woman:
Good night, everybody.

Woman:
Thanks a lot.

Woman:
Good night, everyone.
Woman:
Thanks, Brian.

Coordinator:
Thank you all for participating in today's conference. You may disconnect your line and have a great day or a great evening.
END

