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Welcome everyone and thank you for standing by. At this time, all participants will be on a listen-only mode for the duration of the call. During the question-and-answer session, you may press star 1 to ask a question.


Today’s conference is being recorded. If you have any objections, you may disconnect at this time. I’d now like to hand the meeting over to Mr. Kenneth Frank. Go ahead, sir. You may begin.

Kenneth Frank:
Thank you very much, (Amber). Hello everyone and welcome to the Night Sky Networks Bi-monthly 2010 series teleconference and we’re happy to have Dr. Catherine Neish and Mike Simmons as our speakers this evening.


Mike will be up first telling us of the International Observe the Moon Night followed by Catherine who will be giving us her talk on lunar reconnaissance orbiter’s mini-RF radar on board the NASA’s lunar reconnaissance orbiter for exploration and it’s entitled Radar Love.


We also have the pleasure of having our Night Sky Network mentor - at least my mentor for sure - (Marnie Berenson) who will be listening in along with us this evening and monitoring that night sky info and at astrosociety.org. Hi, (Marnie).

(Marnie Berenson):
Hi, everybody. Great to have you here.

Kenneth Frank:
And this evening we’d like to ask that all of you keep your questions please until the end of the telecon. Like I said, we’re going to have Mike speak first, so right now if you haven’t downloaded Mike’s PowerPoint, now would be a good time to do so followed by Dr. Catherine Neish’s. And they can be found of course on our download site and if you just type-in Radar Love in the astronomy activities question box or query box, it’ll pop right up for you.


I’m pleased to introduce Mike Simmons. Mike was co-chair of the hugely successful International Year of Astronomy 2009, 100 Hours of Astronomy that was the highest profile and largest event for the whole year during IYA.


Mike’s been an amateur astronomer for a number of years. Should I say how many, Mike?

Mike Simmons:
You can.

Kenneth Frank:
About 35 and now he’s doing this on an international scale and he’s been president of the Mt. Wilson Observatory and lots of other stuff I’m sure I’m not aware of. Okay, take it away, Mike.

Mike Simmons:
Thanks, Ken. First let me say one important word left off of the introduction. Mt. Wilson Observatory Association which is the support group so I didn’t direct the observatory or anything like that.

Kenneth Frank:
Oh, okay.

Mike Simmons:
Now, so I’m glad to be here to once again to be able to talk about this big event and as you can see, Slide 1 is really just a title slide so you can go right away to the second one once everybody’s awed by the first one.


Now the goals of the International Observe the Moon Night, let me preface it by staying that it started as National Observe the Moon Night last year with some of the NASA centers that wanted to draw attention to their program and to awareness about those and the moon itself and this is very similar except for the fact that it’s gone from national to international.


So the idea is with many outreach programs to engage the public and amateurs and so on, to raise awareness of the programs that they have, and of course to expand on all of the programs that took place during the International Year of Astronomy last year - especially the high-profile lunar reconnaissance orbiter and LCROSS that the other speaker will talk about.


And in this case the Astronomers Without Borders is using an international network to bring other countries into the celebration, again following-up on what sort of things were done last year.


Now real briefly, Astronomers Without Borders is an organization that connects people to our common interest in astronomy and we have people from around the world just as last year when we had more than a hundred countries taking part in 100 Hours of Astronomy.


Now on Slide 3 you can see just a couple of things that are available, the idea here is to make and these will probably be increasing and this is being done by the people at NASA and other partners.


And they’re making logos available and other things that can be used in planning star parties or other types of events that clubs can use to engage the public and to draw their attention to what’s going on here, public star parties of course the most common type but there could also be lectures and movies and so.


Slide 4 shows a flyer that is available and has some of the partners down at the bottom but if you’ll go to Slide 5 you’ll see that there is also a blank template available. These are the kinds of things we made available for 100 Hours of Astronomy, global astronomy months and other programs which work out very well.


So you can download these, you can modify them, just simply write on them, post them up wherever you like to, you can print them out and so on so that makes it ready for anybody to be able to use.


I guess there’s one thing at the top that I should have mentioned as well, September 18. That of course is a date. I didn’t bother to mention that but if you go to Slide 6, you’ll see what the moon looks like then.


And of course, this is a great time for observing the moon, because you have the terminator in a really good position. And you’ll have some of the features that are pointed out here, Copernicus, Kepler closer on Tycho with the rays, not right on the terminator which is good because the rays show a better Schiller, a really weird one.


And some of the other things that are of interest around the moon so it’s an excellent time for showing the moon as those of you who have done outreach already know.


And this moon map is also available on the Website with a few things pointed out so it could be printed out as well and displayed to show people what it is they’re going to be seeing.


Now if you go to Slide 7 you’ll see also that they’ve got some explanations of what these different things are. Now this may be increasing but of course there are a number of different resources you can use.


So they’ve brought them all together here and you’ll recognize some of these again if you’re used to doing outreach. Sea of Tranquility, people want to see where Apollo 11 landed. Of course, they want to see Apollo 11 itself which is an opportunity to educate people about a few things like how far 243,000 miles really is.


And some of the other things, some of the great craters like Tycho and Copernicus which I’ve always found to be my favorite in showing people all the different features that happen in a crater. Now there are other opportunities as well. Slide 8 will show some of that.


What they have here is a journal where people can take this, fill in what they see at different times and different days of the month and what the phase actually looks like to them. And they can use this to start to figure out exactly what it is that’s happening with the moon, that is, to visualize the moon moving in its orbit relative to the earth and also its position relative to the sun.


Now one thing that we’re going to do, that is, Astronomers Without Borders is sort of push things in the other direction because this is a one-night event, not a one-month event so I’m not sure what will happen with this.


But there are resources that actually demonstrate this kind of thing to people so that they can watch knowing what phase they will go through, what they should expect and how it comes about. Now my personal favorite is Bob Crelin’s moon gazer’s star wheel and we’re actually going to make that available just internationally.


He doesn’t have international sales, so we’ll make it available for other countries to pick-up but you can get this as well. I think it’s $5 but it’s got - it’s sort of like - a planisphere, you can rotate it around and see based on the phase that you see, you can see where the moon and the sun are relative to the earth so it’s real obvious so there are a couple of different ways of doing this.


But that is instructional in that people go away with an understanding of at least the dynamics and relative positions of the moon, earth and sun and that’s something they’ll carry with them because from then on as they look up on one night or another, they’ll be able to visualize that once again.


And we won’t get questions from them anymore about why they can see the moon during the daytime because I’ve never seen that before in my 50 years of course because they never looked up during the daytime before. Now other resources of course that are available and I believe these are linked from the - these are linked - from the central Website.


On Slide 9, Wikipedia of course and lunar prospector has some really nice images and information about these things; very succinct, doesn’t go on nearly as long as Wikipedia does so that’s another good resource and that’s linked from the central Website as well.


Now Slide 10 is an example of this is from our own site, I believe this is from global astronomy which we organized in April but it uses Google Maps, should be the same kind of thing on the Website for International Observe the Moon Night where people put in events, they can locate where they are.


There’s information people can search by different things and so if you have events going on there you should be able to register it. You should register it so that it’ll not only be listed but there should also be reporting for feedback and certificates, participation certificates available after the event.


And this is something we did by the thousands in Hundred Hours of Astronomy and it’s very popular and I think they’re still working on this system but that will be available there as well.


They also plan to have a photo contest and I guess when I say they, of course, we’re part of this effort but the central group based out of Ames and a couple of other partners are doing this planning. Astronomers Without Borders has done these things before but we’re not running this aspect of it this time.


Now on Slide 11, you’ll see an example of a photograph of the moon, rising moon of course, long telephoto lens. There will be different categories for this and this is a good way to get the people in your club really interested in taking part.


The pictures I believe there is still some decision-making going on but they’ll probably be taken on that particular day or within a few days of that day so rising moon is always good and this one I believe is from The World at Night which is one of our projects of landscape astrophotography (dot) pictures.


And if the moon isn’t in the right position for you then go to Slide 12 and see how you can fix that. Of course, just give it a good push. This is one of the World at Night photographers were on the other day who has a series of things like this of people playing basketball with the moon and things like that. And so these are just for fun, but they do get people looking at the moon at the same time.


Now Slide 13, I want to talk a little about the fact that this is the International Observe the Moon Night rather than National Observe the Moon Night and Astronomers Without Borders, this is our main contribution which is to bring in people from around the world.


Now you’ll see the caption for this is nothing but question marks. It is the moon and Venus. This was taken - it might have been 100 Hours of Astronomy, I don’t even remember now - but the thing is, look at this picture.


Can you tell where this might be? This could be any place in the world and that’s the thing about the night sky and our interest in it, is that it really is universal. There isn’t a place where people aren’t interested in the sky and these people are doing the same things as anybody else anywhere around.


You see a six-inch (Thomsonian) and a small (Newtonian) and people looking at it. Well, go on to 14 and you’ll see the secret is revealed. This is Romania, but this could have been anyplace else on earth, especially for those of us who live near the bright lights of the city.


Now sometimes like in Slide 15, you can kind of tell it’s not quite where we are here. You see on the altiplano of Bolivia, well, I don’t if that’s Aymara Indians or one of the natives who is looking through a telescope and in Iraq, this is actually in Kurdistan in the north during both of these during 100 Hours of Astronomy.


They seem to have the same telescope but since they’re in opposite parts of the earth, it looks like they’re both looking up towards the same object. Actually they’re pointed up in the sky in different directions.


And that is in fact probably what was happening because we had a global 24-hour star party in which we had tens of thousands of amateur scopes out there around the world and somewhere between a half and one million people in the public taking a look.


Now on 16 you’ll see something else that we will probably have going on ourselves - Astronomers Without Borders that is - during International Observe the Moon night. And this is using the whole idea here is we have a social networking site and we have other tools that are occasionally used that will get into more regular use here very soon with the new Website we have.


And in this case you see on the left some people in Brazil. This is a club in Rio de Janeiro state, not in the city of Rio de Janeiro and they are having a video conference with another club with Ahmadabad, India which you can see both of them on the right-hand side.


Now this is a great thing to do at any time, and we welcome any of you who want to belong to our network and take part in things like this. But we want to bring more of this to live programs such as the star parties here, and to actually have people participating with each other, that is, in a star party which stretches out partway around the world, all of us taking part together.


And this was a big aspect of 100 Hours of Astronomy that people were taking in part in one star party together and with a video, we can share views and experiences and everything except the late night junk food and coffee.


Now on 17 we may have this as well. As you can see when I say may, these are the plans. We have done these things before and it’s a question of what we’ll bring to this particular event.


This is remote observing. In this case, this was during Global Astronomy Month in April. (Jean-Luc Amasse) of the Virtual Telescope Project and we had an online (Messier) marathon. Now how does that work?


It’s not people operating the telescope themselves. (Jean-Luc) was at the telescope and people would tune in and there were thousands of people who would tune in during the night.


He stayed up all night imaging all of these but at the same time, you see what he’s doing in the dome, you see the results of his images, so it’s a real (Messier) marathon. He was photographing I don’t remember how many objects he got and everybody sharing in a chat at the same time.


And sooner or later, they all start wondering where these people are around the world. It’s just like being there in the observatory and every once in awhile you would in this case since there were so many people not looking through the eyepiece but you’d look at the image that he had just taken.


But then after awhile you realize hey, wait a minute. This guy is 8000 miles away from me, you know, it’s 6:00 in the morning where he is and it’s 7:00 in the evening where I am so I expect that we will have an observing session at least one like this perhaps other observatories where people can join in as well.


And these are online so they can also be streamed and used as individual events so if you have a star party or meeting or a lecture of something, you can project that up there as well.


Now 18 we have where you can get more information about this afterwards. Of course there is the moonnight.org is the primary site. Now we do not have information up about this on Astronomers Without Borders.


As I said, we have a new site and we’re just rushing to get things up there. You can go check it out and you may want to join the network now and we will have newsletters coming out and information about International Observe the Moon night and we’ll have some resources and of course a program of events that you see there as we have for other events that have taken place.


So there is our Website address and you’re also welcome to write to me if you’d like to and my e-mail is down there, both the full version and the abbreviated version for those who can’t type Astronomers Without Borders without making a mistake like me for example.


It’s much easier so either one of those will get to me and I would be glad to talk to anybody about what your plans are and about Astronomers Without Borders in general and the future of events like this because this will be increasing.


This is all new technology, a new network in the last couple of years and it’s only going to grow bigger and bigger all the time so we look forward to future International Observe the Moon night, Global Astronomy Month for next April and many other things to come and I believe that’s my last slide there, Ken.

Kenneth Frank:
Okay, well thank you so much Mike and opening our eyes so to speak to the international world of astronomy and please remember you want to hold your questions until the end of Catherine’s talk and then if you have any, we’ll be able to answer them for you.

(Marnie Berenson):
Ken, I have one comment.

Kenneth Frank:
Sure.

(Marnie Berenson):
For those - I see that many of you already have - many of the people on the line - have events for that night already on the system. And we have set-up a feed from the Night Sky Network for that night to the observethemoonnight.org Website so that if you go to the observethemoonnight Website and click on the “get involved” tab under “attend an event,” you’ll see that all of our Night Sky Network International Observe the Moon night events are also on the map. So it’s an automatic feed.

Kenneth Frank:
That’s cool and will that also be for logging events then or no?

(Marnie Berenson):
We’re feeding from the Night Sky Network to Observe the Moon night.

Kenneth Frank:
Oh, okay, great, and that’s a reminder, make sure you log your events once you’ve completed them. Great. That’s wonderful. Okay. Are we done with that part then, (Marnie)?

(Marnie Berenson):
I wanted to point that out.

Kenneth Frank:
Okay, so we’ll move now to Dr. Neish, and she’s a graduate of the Lunar and Planetary Lab at the University of Arizona. And she began her post-doctoral fellowship at Johns Hopkins University Applied Physics Laboratory and her research includes studying the radar properties of the moon using the mini-SAR data from the ISROs (Chandrayaan 1) mission and NASA’s lunar reconnaissance orbiter.


And just as an aside, this weekend - she’s very busy - she’s been here in California at the NASA (aim city) conference, and this weekend she’s going to be in New York City and entering a race called “Muddy Buddy” which includes running, biking, scaling obstacles events with you and your teammate crawling through mud to the finish line. And she may have found water on the moon but no mud so far, I assume. No mud. Please welcome Dr. Catherine Neish.

Catherine Neish:
Thanks very much, Ken, so if you want to open up the PowerPoint, you should see a little picture that I made. I was having some fun in Photoshop. That is the single Radar Love that hopefully you guys are familiar with.


I was just listening to it on iTunes before this talk so today I’m going to tell you a little bit about my work with mini-RF. Most recently on the lunar reconnaissance orbiter and all the fun stuff I get to do looking at some of these first images coming back from the moon.


That’s probably one of my favorite things about being an astronomer is having the opportunity to see these images for the first time that no one else has ever seen before so if you want to move to the next slide, Slide 2, here’s a brief list of what I’m going to talk about this evening.


First of all I’m going to try to give you a bit of a background to what’s on a synthetic aperture radar or SAR so it’s sort of Radar 101. Most people aren’t used to seeing with their radar eyes. We’re used to seeing with our optical eyes so I’m going to try to give you a background of what you see when you see a radar image.


And I’m going to talk specifically about mini-RF on LRO and what the moon looks like when you look with your radar eyes. I’m going to tell you a little bit about the search for ice in the polar regions of the moon and what radar might be able to tell us about the quantity of volatiles in those polar regions and then I’ll just warp up.


So if you want to move to Slide 3, this is sort of a background into what radar is so radar uses radio waves and radio waves are probably the longest part of the electromagnetic spectrum.


Where the shortest ones are gamma rays, down through x-rays, ultraviolet visible which is what we see, infrared, microwave and then radio. And radio is very long wavelength radiation, anywhere from a couple of centimeters all the way up to a kilometer so it’s sort of the size of people and buildings as you can see in the bottom left there.


And radar in particular standards for radio detection and ranging and so what radar is you transmit one of these radio waves, it will bounce off a target and then is reflected back and can be detected by a receive.


So if you want to go to Slide 4, it gives you a bit of a schematic of what synthetic aperture radar looks like when you’re observing planets. So generally you have your radar on a spacecraft that is orbiting a planet and we’ve had radars orbit the earth, orbit Venus, orbit Titan which is Saturn’s largest moon and now the moon.


And so what SAR does is it points off to the side and images a swath of land off to the side - in mini-RF data, that’s about 10 kilometers wide, but different radars have different widths. And the reason that SAR has to look to the side is because what radar does is it converts a time delay between the signal coming from the surface to your receiver -- which is also your transmitter -- into a distance.


And so if you were to look straight down, you wouldn’t be able to tell the difference between something that’s 10 kilometers to your left versus something that’s 10 kilometers to your right because they would have the same time delay and so it would be very confusing so that’s why all synthetic aperture radars are side-looking.


Mini-RF has a look angle which you can see illustrated here of 48 degrees. We go to the next slide, Slide 5, I’m not able to go to Slide 5. There we go, and this shows you sort of how the basics of synthetic aperture radar or SAR.


So you take your transmitter and you transmit a pulse of light toward the surface and then that surface will reflect that light back in many different directions usually but one of those directions will go back towards your transmitter which is now your receiver and you will get some energy back and this is known as your radar backscatter.


And synthetic aperture radar can’t measure energy reflected at any other distance. Now it is possible to have a second receiver say somewhere else and receive some energy at that receiver and that’s known as a bistatic observation.


We did try this once with mini-RF and the mini-SAR on (Chandrayaan 1) but it didn’t work and a few days later, (Chandrayaan 1) was no longer able to contact the earth. So (Chandrayaan 1) is still orbiting the moon we presume, but we can’t talk to it anymore so unfortunately we lost that opportunity to do the bistatic observation.


So why is radar interesting? If you go to Slide 6, you’ll see some of the different properties that radar depends on. And the first one is topography and this is something that’s common to radar and both - and optical images too so long as the sun isn’t straight overhead.


Basically what happens is you transmit in one direction say off this mountain here and if that mountain is perpendicular to the radar wave, it will bounce off and you will receive a pretty high signal just bouncing straight off and receiving in the same direction.


However, if you’re looking at the back side of that mountain, all the energy will be reflected away from your receiver so almost none of it will go back to the receiver and it will look rather dark.


An example of this is seen on Slide 7. This is a caldera on the volcano Kilauea which is in Hawaii and you’ll see that the steep cliff there pointed away from the radar. It’s very dark.


It’s actually shadowed here just like an optical shadow and on the other side - the side of the caldera that tips towards the radar - is very bright so you can use this information to learn about say perhaps the depth of this caldera simply by looking at how bright it appears in radar.


The second thing and maybe one of the more important things that radar brightness depends on is directness of the surface at the wavelength that you’re looking at.


So the radar on LRO is at 12.6 centimeters so it blocks at about 10 centimeter size and there are a lot of them, it will be a very rough surface and you get actually a very bright return and the reason for this is that on a rough surface, you will get a lot of scatter in your signals.


It will go in many different directions including the one where your receiver so you get a lot of return back from rough surface, high backscatter. Now the smoother surface will tend to scatter the light away at the same angle which you transmitted it. This is known as specular reflection.


You’re probably pretty familiar with this phenomenon. If you’ve ever flown over say a lake or a river at sunset and the sun will reflect of that surface and into your eyes and that is also a specular reflection but the downside of this is that none of that signal goes back to your receiver and so you get a very low radar backscatter.


If you go to Slide 9, you’ll see an example of this phenomenon. This is one of the lakes, Titan’s north pole, Titan as I mentioned earlier is Saturn’s largest moon and here you see at the top of the image you see a very, very radar dark area.


It’s actually so dark, what you’re actually seeing is the noise of the Kissimmee radar instrument and this indicates an extremely smooth, probably liquid surface and then right next to it is the land which is much rougher and therefore much brighter in radar.


You go to the next slide, Slide 10, I will briefly discuss the third parameter that’s important for radar observations and that’s composition so since radar is an electromagnetic wave, it’s important to know how conductive your surface is.


Is it going to conduct that wave or is it going to be insulating? This will affect the backscatter that you get back from that area and one good example of this on earth is a wet soil versus a dry soil so a wet soil has a very high dielectric constant and therefore more energy is reflected and you get a high backscatter.


Dry soil would be a low dielectric constant and so very little energy is reflected back and this is actually used to study agriculture on earth. On Slide 11 you see an example that was near (Melfort), Saskatchewan.


I’m actually originally Canadian, so I went to school not too far from a place like this. And I’ve highlighted two fields, one on the left which has very low radar backscatter is a dry field and then to the right you see very high returns and that is a wet field so you can kind of link radar return to the amount of moisture in a field. That’s kind of interesting.


So I haven’t actually talked anything about the moon so far. You’re probably wondering, what does this all have to do with the moon? Well, right now orbiting the moon I always like to try to picture it circling around when I look at the moon is the lunar reconnaissance orbiter and on the lunar reconnaissance orbiter is the radar, the synthetic aperture radar.


It is only the second synthetic aperture radar to orbit the moon. The first was on the (Chandrayaan 1) spacecraft which as I mentioned is no longer talking to the earth unfortunately but we actually received a lot more data with the instrument on LRO than we did with (Chandrayaan 1), and much higher resolution data. So it’s been really exciting seeing all this data and we just had our one-year anniversary as a spacecraft.


The picture to the bottom left, you see where the mini-RF antenna is on LRO next to all the other instruments including the lunar reconnaissance orbiter camera or LROC which I will also talk about later in the talk a little bit. And then to the right, you have an artist’s impression of what LRO looks like flying over the moon and I’ve pointed out the rotation of the radar there.


So if you go to the next slide, Slide 13, it gives you an overview of how much of the moon we’ve seen so far and it’s actually quite a lot. We’ve probably acquired data over about 50% of the non-polar regions of the moon, that is, south of 70 degrees north and north of 70 degrees south.


And very recently we actually got full polar mosaics over both the north and south poles which is pretty exciting and I’ll show you an example of that in Slide 14.


But what’s also exciting about this is that we have the first radar views of the lunar far side so because of its orbital characteristics, we never, ever see the far side of the moon and therefore we can’t look at it with radar.


They’ve looked at the near side of the moon with radar from the Arecibo telescope in Puerto Rico but without an orbiting telescope, there’s no way that you’d be able to see the far side so mini-RF is providing the first views of the lunar far side in radar which is pretty exciting.


Slide 14, you just get to see one of our beautiful mosaics we just made of the north pole of the moon in this case. You’ll notice there is a little hole in the middle of this mosaic and this is actually one of the unfortunate parts of being a side-looking instrument.


Since LRO has a polar orbit, we’re always looking to the side. We can’t every actually look at the pole without rolling and those rolling opportunities are fairly rare so we have this hole but we are trying to get some rolled observations to fill it in.


So now I’m going to talk a little bit of some examples of what you can do with a dataset like this and what we can learn by viewing the moon at radio frequencies so if you just flip by Slide 15 and go on to Slide 16, we can see some of these examples so here’s one example.


This is maybe one of my favorite craters on the moon. It’s on the lunar far side - it’s called and I’m going to mess this up - Gerasimovich D. There are a lot of craters on the moon named after Russian people and I have a lot of difficulty in pronouncing a lot of them.


But here is this little crater on the rim of the larger Gerasimovich crater which you can’t really see here because it’s quite an old crater that’s been degraded but I was quite surprised to look at this crater in radar and see what appears to be a very long, very distinct impact flow.


So this is basically lava that has formed during the impact, which then flows out the side of the crater. And in this case, since it has such a high radar return, it seems to be a very rough surface, so maybe something like the (ah-ah) flows you see in some parts of Hawaii or even in Arizona and other parts of the world.


But what’s interesting is if you look at the LROC image, this optical image, take just to the top here, it’s really, really hard to see this flow if you can see it at all. I’m not convinced I can see it in this optical image.


And so one of the things that’s so neat about radar is we can actually go beneath the surface. Optical can only see the top few microns of the surface but we can go down a couple of meters because we have such a long wavelength.


Another example is shown on Slide 17. We can learn more things about craters by using radar. This is Linné crater which is a very young classic bowl-shaped simple crater, not unlike Meteor Crater in Arizona although probably more circulate and more bowl-shaped than Meteor Crater, which has been subjected to earth’s erosional powers.


And what we see here especially on the picture on the right is that there is a very bright return in radar right around the crater itself which indicates a really rough blocky ejecta again on the scale of the radar wavelength which in this case is about 10 centimeters.


So what’s needed beyond that rough blocky ejecta that you might expect to find surrounding a crater is really low radar return. There’s this sort of blue halo around the crater and this would suggest a block pore ejecta layer so something very smooth that doesn’t contain a lot of decimeter-sized blocks.


Now generally these sorts of halos will disappear over time as they’re churned up by small impacts hitting the moon and sort of making the surface more uniform in roughness. So the fact that we can see this smooth halo at all probably indicates that Linné is a very young crater so you can use radar to sort of age-date craters as well as learn about the ejecta and placement process so there’s neat things you can learn from that.


If we go to Slide 18 we can see some of the Apollo landing sites we’re able to image. Now our resolution is not nearly as high as LROC who’s been actually able to image the landers and so forth.


Our resolution is about 30 meters, but it turns out that if you have a really - if you have a metallic - highly angular piece of metal on the lunar surface, it makes a great what’s known as a corner reflector.


And so if you get the radar lined-up in just the right way, you might end-up reflecting all that light right back at yourself just like that example with the mountain I showed earlier and in that case it’s possible you might see one pixel of the lunar module.


And if you look at the picture to the top left, there is actually a bright spot right where the Apollo 16 lunar module is so it’s possible that that’s what we’re seeing there and I’ve included a little map from Google Moon below to show that they are in fact in the same place on the moon.


Also on the right we have an image of the Apollo 17 landing site showing the Lee-Lincoln Scarp which is showing some topographic shadowing there and then the north and south massif. And now what’s neat about these images is that we’ve actually been there.


Well, I haven’t, but astronauts have been there and looked at these mountains and taken samples and so it gives us this what’s known as ground truth. We know what’s there and we can look at the radar properties and that allows to look at other places on the moon where we don’t know what they look like up close and personal and make some inferences about their composition and how many rocks they might have, how smooth they are.


And so just Slide 19, there’s a nice picture of this - the astronauts exploring that south massif - and so here’s an up-close pictures of what it looks like on the ground up close and personal compared to what we see with radar.


We were also very lucky if you go to Slide 20 to have the opportunity to image the LCROSS impact side which took place near the south pole of the moon and in the Cabeus crater and we took actually several images of this site, a couple before the impact as well as a few after the impact.


And now the LCROSS impacter impacted into what’s known as a permanently-shattered region - the region where the sun doesn’t shine - and it did that on purpose because that’s where you’d expect things like ice to accumulate over time because it’s very cold there.


If it’s too hot, the ice would just sublimate away and so therefore all the optical cameras which use the sun as their illumination source can’t see inside the Cabeus crater very well but radar has its own active source. We’re like a big radar flashlight orbiting the moon so we can see wherever we want including into Cabeus crater where LCROSS landed.


And so we were able to with some help with one of the team members from the LCROSS team line-up our image to where we think the Centaur - a big chunk of the spacecraft that impacted the moon - landed and you see that highlighted here with a little red circle.


Now I look quite a lot if you go to the next slide, Slide 21, for any changes in those images after the impact to see if there was a nice fresh crater that suddenly appeared but unfortunately if you flip back and forth between Slide 20 and 21, you really don’t see much difference.


So this means - it could mean one of a couple of things - it might mean that the crater is smaller than our resolution, so it’s smaller than 30 meters. Or it might mean that it just didn’t kick-up a lot of the decimeter-sized blocks that would make it really bright to radar so even though we didn’t see it, I think we can still learn something from these observations.


If you go to the next slide, Slide 22, I’m just going to talk briefly about something that I alluded to in talking about the LCROSS impacter and the search for ice at the polar regions of the moon and what radar can tell us or how radar can help in that search.


So if you go to Slide 23 I’ve just tried to outline the problem. Basically the moon is tilted very little towards - it’s tilted almost perpendicular - towards the sun and so that means if you have a really deep crater, the sun shines on that crater, you’ll never see the floor of the crater because the sun never comes high enough overhead to illuminate the bottom.


And what we’ve been seeing with LRO is these what are known as permanently-shadowed craters are really, really cold, some colder than Pluto in fact, which is really surprising.


And so it’s possible that if you get comets impacting the moon, they might - that water that has been deposited on the moon - might hop from the hotter regions near the equator towards the pole, and then once it reaches the permanently-shadowed regions, it would get stuck there because now it’s too cold to hop out again.


And so it’s possible you could collect ice in the permanently-shadowed regions near the north and south pole of the moon, and I’ve just included here a pretty image from the (Cudiya) spacecraft.


This is an actual image of the south pole of the moon. You can see Shackleton crater near the bottom center and then of course the Earth in the background so what can radar tell us about ice?


Well, if you go to Slide 24, I’ve tried to explain briefly what unique properties radar has with regard to ice. And basically the idea is that when you’re - so we’ve got this black line here and that’s your radar transmitter, also your receiver - and you can get one arrow going into the ice and bouncing off rocks or voids in the ice and then turning around and coming back to your receiver.


But you’ve also got another wave going in exactly the opposite direction, bouncing off those same rocks and voids and arriving at the spacecraft at the same time. And so what happens is these radar waves will what’s known as constructively interfere so they’ll get brighter than they would normally be and so you get a really high radar return from a media like water ice.


In addition, this type of scattering doesn’t tend to change the polarization of your wave which is unusual. Most normal surfaces, that polarization state will flip and what this leads to is what’s known as the circular polarization ratio that is greater than one and most normal surfaces have circular polarization ratios that are less than one.


And so this is something that is indicative perhaps of ice if you have this really bright radar return with this CPR that is greater than one. And just to give you a more visual idea of what this might look like if you go to Track 25, you can see a picture of the north pole of Mercury where we see these really bright radar returns from what are probably permanently-shadowed craters there that may be filled with ice. And hopefully the Messenger spacecraft which is going into orbit around Mercury this next spring I think can take a closer look at these craters and confirm or deny whether or not that’s ice there.


But if you were to see ice with radar, this might be what it would look like so with regards to the moon if you go to Slide 26, we have an opportunity to look - sample - one of these permanently-shadowed regions in Cabeus crater. And the LCROSS team has reported that they saw both gaseous water and solid ice particles coming out of that crater.


So there is some amount of water ice in Cabeus crater but is there enough for radar to see? Well, if you go to Slide 27, you’ll see that actually radar doesn’t see any ice there.


We have very low circular polarization ratios and I’ve colorized this circular polarization ratio from zero which is purple to red which is one so anything greater than 1 should be red here and remember I said that’s consistent with ice.


Well, if you look at Cabeus which is circled in red here and I’ve marked the location of the LCROSS impacter also in red, you’ll see it has a really low CPR, closer to zero than to one which would indicate that there is not a large thick deposit of ice.


It doesn’t mean there isn’t any ice there because of course LCROSS saw ice. It just means that there’s not a lot of ice. There’s not a thick block of ice but maybe there’s small particles of ice mixed into the regulus, maybe less than 10% by weight.


Now okay, so we don’t see a lot of evidence for ice in the south pole of the moon; what about the north pole? Well, if you go to Slide 28 - I haven’t quite gotten to the punchline yet, but the north pole does look like a more promising area for finding ice on the moon.


If you see a normal crater, you should see this high CPR, this red material both inside and outside the crater which would indicate a really blocky - you have lots of blockiness outside the crater as well as inside the crater - that would be sort of a normal crater.


Now there are some craters at the north pole of the moon that have high CPR only inside their craters and if you go to Slide 29, you’ll see an example of one of these so this is a little crater in Rozhdestvensky - I may or may not have said that correctly - where you see this red material - this high-CPR material - only inside the crater and not outside the crater.


So that’s morphologically more consistent with having ice inside a crater and then just normal regulus outside the crater and so this would be a better candidate for looking for ice and we see a lot of these little critters near the north pole of the moon.


If you go to Slide 30, I’ve tried to point out a few of them although it’s kind of hard to see with this low resolution. But we do see a lot of these little craters which are permanently-shadowed craters near the north pole of the moon where you have this red material inside and then normal regulus outside the crater.


So I would say if you want to go looking for more ice on the moon, our next stop should be the north pole, so just to conclude, Track 31, radar is a really great way to look with new eyes at a planetary surface and you get information about surface roughness, topography, and composition.


You can also search for things like ice as we’ve been doing at the poles of the moon at also at Mercury. We unfortunately have not seen any large ice deposits at the LCROSS impact site but there are some very curious areas at the north pole that bear future investigation.


So Track 32 I’ve just acknowledged some people that have helped me with this data and I’d be happy to take any questions now. Thanks. Thanks, everybody.

Kenneth Frank:
Okay, (Amber), at this time would you please open up the lines for some questions individually?

Coordinator:
Yes, absolutely. If you’d like to ask a question, please press star 1. You’ll be prompted to record your name. If you’d like to withdraw your question, you may press star 2 and we’ll pause for just a moment to allow the questions to start coming through.

Kenneth Frank:
While we’re waiting for the questions to come through - I love to do this because I can get mine in - on Slide Number 16 Catherine, if we can look back at that.

Catherine Neish:
Yeah.

Kenneth Frank:
Where was it right here? I love that comparison that you can really see that. Now you were saying below the surface, you said how far? Two meters, is that what you said?

Catherine Neish:
It depends on the exact properties of the soil there but anywhere from one to 10 meters, probably closer to one meter but several meters we can see down.

Kenneth Frank:
Wow, and how can you tell the difference in depth then or you can’t?

Catherine Neish:
I mean, all I can tell from this image is that it’s more than like a centimeter or so below.

Kenneth Frank:
Right, right, right.

Catherine Neish:
It’s like I said, it’s a function of what’s known as the lost tangent of the soil and without knowing what that number is and it varies quite a bit across the lunar surface, I can’t really tell you exactly how deep it is.

Kenneth Frank:
Okay. Finally on Slide 30, it seems like our candidates besides going to the north pole should be little dinky craters rather than big ones.

Catherine Neish:
Yeah, they are it seems like, so these craters, it’s really hard to tell on these images but they’re all little craters inside bigger, more degraded crates which you can’t actually see and so what may be happening here is they’re sort of doubly shadowed.


There are little craters inside of bigger craters so they get extra protection from the sun so that might be why we’re seeing potential ice reservoirs in these little craters.

Kenneth Frank:
Excellent. Okay, (Amber), if we have someone - anyone - asking questions?

Coordinator:
Yes, we do have a question from (Stewart Meyers). Your line is open.

(Stewart Meyers):
Hello. Interesting presentations. Since there were two presentations, I have two questions, one for each. I’ll start off with the mini-RF question. Recently I’ve heard that they’ve found at least one of these holes on the lunar surface, a dark round hole which they think is a collapse of the roof over a lava tube but there’s some debate as to how far down the hole goes.

Catherine Neish:
Right.

(Stewart Meyers):
Would mini-RF be able to figure out how deep such a hole is?

Catherine Neish:
Maybe. It depends on how big the hole is. If they’re less than 30 meters wide, we wouldn’t even be able to see them. I have been meaning to go check out some of these sites and I just haven’t had a chance yet but if it’s bigger than 30 meters, you might have a shot of garnering some information but my first thought on this is they’re probably too small but it is something I’d like to look at.

(Stewart Meyers):
Well, it would be interesting because some people think that those holes are rather deep. It would be very useful when we actually go to the moon and stuff and other people believe that those lava tubes are mostly filled-in already.


Now the other question I had was pertaining to the International Observe the Moon night and everything I saw on this was talking about Internet promotion for this. Has any thought been given to promoting this event through the mainstream media?

Mike Simmons:
Well that, actually we have usually left for locals to do especially on an international scale. Press releases have gone out during the International Year of Astronomy on a number of projects especially with 100 Hours of Astronomy.


But it’s not really the kind of thing that big media seems to get really interested in. What has been most successful has been for groups to contact their local media and say look, we’re participating in a special event here.


NASA’s involved, the world’s involved, and so news - the local media will cover things like that and that’s really best in that if you’re having an event, you don’t care about it being on the national news. You want it to be in the local news where people are going to learn about it. So that’s what we’ve always depended on and what we find works for us.

(Stewart Meyers):
Well, the thing is, the impression I get is when we promote these things through the Internet through these things, we’re essentially preaching to the choir. We’re essentially bringing in people who already frequent the astronomy sites anyway.

Mike Simmons:
That’s a very good point and it is - I’m not saying that the general media isn’t good - it’s really necessary to get it out there but if we put out a press release for example, who does it go to? I mean, AP isn’t going to pick it up maybe some of the bigger metropolitan ones and there are just too many regional or local papers and news outlets.


So it’s really best I think the best solution is for what we did in 100 Hours of Astronomy I don’t know if that’ll be done this time is to provide sample press releases that people can (unintelligible) and other things they could use to get the media involved and there was quite a bit of that then.


But the press releases themselves never really - from us - never really got picked up but I agree with you. The word has to get out to the people. Your audience is not astronomers. It’s the public.

(Stewart Meyers):
Yeah.

Mike Simmons:
So there should be resources online for that. I don’t know if there will be this time.

(Stewart Meyers):
All right, well, thanks anyway for the answer.

Mike Simmons:
Yeah, well thanks for the suggestion. We should work on that as well.

(Stewart Meyers):
Yes.

(Marnie Berenson):
And this is the first time we’ve done International Observe the Moon night. This is (Marnie) by the way and so we’re planning for a bigger one next year.

Mike Simmons:
Yeah, this is like a test run.

Coordinator:
Once again if you’d like to ask a question, please press star 1 and record your name.

Mike Simmons:
Wow. No questions out there?

(Marnie Berenson):
I guess our speakers were so thorough.

Mike Simmons:
They are thorough. Well, while we’re waiting for someone to drum up another question, we want to make sure that you add your Observe the Moon night event to the Night Sky Network calendar and be in the running to get a lunar meteorite.


And now that we have the iPhone app up, please also remember to add your club logo to the Night Sky Network Website so you can be more readily seen by the public and take advantage of the iPhone app and if you need any help with this or any other things with the Website, please let me know.

Coordinator:
We do have a couple of questions. First one comes from (Steve Berte). Your line is open.

(Steve Berte):
Yeah, I wanted to know, you mentioned in the International Observe the Moon night something about a lunar like planisphere type thing. Is that already on the market or are you saying that’s going to be on the market?

Mike Simmons:
That is on the market and we don’t have anything on our site on it just yet but if you - I’m pretty sure - let me think of the best way to find - there we go.

(Steve Berte):
Well, you mentioned the author. I imagine I can probably Google on the author’s name and find it.

Mike Simmons:
You can Google on the author or you can just actually use it to his site. It’s Bob, B-O-B, then Crelin, which is C as in Cat, R-E-L-I-N like Nancy dot com so it’s B-O-B-C-R-E-L-I-N like Nancy dot com or if you Google moon gazer’s wheel, you’ll find it that way too.

(Steve Berte):
Okay.

Mike Simmons:
It’s a very handy device, well worth it.

(Steve Berte):
Good. Thank you very much. And yeah, I’ve got it already. Thank you.

Coordinator:
Our next question comes from (Jonathan Cade). Your line is open.

(Jonathan Cade):
Hello. I was wondering, the initial LCROSS reports were that the dust that it had kicked up contained a lot of water. Do you think that the - I realize you probably don’t want to comment too much on the results of that experiment - but do you think that this is good counter-evidence to that belief?

Catherine Neish:
I think our results are in agreement with the LCROSS results but it just sort of drives some of the points that there isn’t a lot of water in Cabeus. I think the LCROSS team was really selling the fact that they had found water but it was just a couple percent and that’s still sort of a debated number and our data just sort of confirms that.


It really has to be less than about 10% water in Cabeus and in the form of these small tiny grains that would be mixed into the regulus. It’s not a skating rink by any means so there might be less water on the moon than people originally hoped for.

(Jonathan Cade):
So, not to get into too speculative stuff, but maybe the south pole is not where we should consider sending people long-term?
Catherine Neish:
For instance, yeah, I mean, I think we need more work to look at the north pole perhaps in more detail but if I had to pick a pole, I’d probably choose the north pole.

(Jonathan Cade):
Okay, thank you.

(Marnie Berenson):
We don’t seem to have any more questions.

Kenneth Frank:
I see (Joan). (Joan), did you have any question, (Joan Chamberlain), or comments? No? Okay. Well, I guess maybe we’ll call it a night then and I want to really thank so much our two speakers, Dr. Catherine Neish and Mike Simmons.


We’re really looking forward to September 18 and I hope everyone else is and you shed another kind of light on the moon for us, Dr. Neish. Thank you so very much for both of you tonight.

Catherine Neish:
Thanks for having me.

Kenneth Frank:
You’re most welcome.

Mike Simmons:
My pleasure.

Kenneth Frank:
All right, thanks very much, and goodnight.

Coordinator:
That concludes today’s conference. Thank you for participating. You may now disconnect.

END

