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The title of today’s presentation is the “Return of Hayabusa.” I would like to take this opportunity to talk about its maintenance, perseverance, and our prayers to god. 

The plan for Hayabusa was to carry out a round trip space flight. The plan was to launch it in 2003, have it arrive at Asteroid Itokawa in 2005, and return home in 2007. Due to a fuel leak accident, the return plan was delayed by three years. Hayabusa has five objectives. These are to combine the use of ion engines, autonomous navigation and guidance, the collection of samples, a reentry capsule, and an Earth swing-by. But above all else it is to demonstrably prove round trip space travel. Hayabusa is the name of a bird (falcon). We gave it the name Hayabusa after the bird based on the explorer’s method of collecting samples. Itokawa is the name of a person, for Dr. Itokawa, who is the father of rocket development in Japan. There are four stages to planetary exploration: the flyby, orbit, landing, and sample return phases. Sample return refers to a round trip flight, and addressing this will lead to trips by reusable space ships. 

My personal vision for the future is for the use of resources. I believe that the use of resources from throughout the solar system is something that will come about 50 or 100 years down the road. Round trip space flights will be crucial for this. Differentiated objects lack heavy minerals on their outer surface, but undifferentiated objects contain resources. In the future an age will most likely arrive when ports will be built at the Lagrangian points (points where the centrifugal force applied to a navigational object and the gravity from celestial objects counterbalance one another) between the sun and Earth, and spaceships will depart from and return to these points in order to navigate the solar system. 
We have made it Hayabusa’s goal to demonstrably prove round trip space and planetary travel. The explorer has a shape like what you see here. The concept for the sample return plan began in 1985. At first we hatched a plan for chemical propulsion sample return around 1986, but we were too inexperienced and almost entirely unable to get the plan off the ground. Hayabusa had five objectives, two of which inspired the National Aeronautics and Space Administration (NASA) of the United States to take the lead with two of the technologies and conduct demonstrations. 

The Hayabusa’s ion engines are characterized by the fact that they create plasma from microwaves, and so far they have achieved a total operating time of 38,000 hours. The ion engines are composed of an ion source and neutralizer pair. The truth is that all four of these engines exceeded their life span in November of last year. However, we devised a new method whereby the A engine’s neutralizer was combined with the B engine’s ion source, which allowed us to weather this crisis. Hayabusa made two landings in November 2005. A navigational goal in the form of a target marker was placed on the surface, which contains the names of 880,000 people from all over the world. The longest landing performed by Hayabusa lasted 30 minutes. I will not go into the scientific achievements in detail here, but stated briefly our greatest achievement was identifying Itokawa as an object known as a rubble pile, which is an aggregation of debris. When all is said and done, Hayabusa’s strong suit is that it can land and come to rest on its destination, and then take off from said destination once again and return to Earth. Hayabusa is the only attempt being made to do this in the world.

This is a film that was created by Osaka Science Museum. 
(Film narration): Hayabusa, do you know why Itokawa is your destination? Let me tell you of its significance. Right now you are proceeding with your sights set on 4.6 billion years ago in the past. So, this is Itokawa. Now go and retrieve fragments from Itokawa. Yet having fulfilled such an important task, you had such a cruel fate in store for you. You were cut off from communication with Earth. Now come home to your dear, departed Earth.

(Professor Kawaguchi): Hayabusa experienced a fuel leak malfunction, the causes of which are believed to be landing-related. After this, communication was disrupted for seven weeks, but we successfully restored it. The disruption of communication was caused by an outburst of gas brought about by the fuel leak. This was incredibly difficult to restore, as the direction of the solar battery had been turned completely around. We waited for a chance to restore electric power by utilizing revolutions over a year’s time. The power was completely shut off, which of course meant that there was not any electric power and therefore there were no heaters. Neither did we know the frequency that Hayabusa was receiving or the frequency that it was transmitting. We adopted an approach of meticulously investigating every possibility, every dispersal range, and the range of uncertainty, and restored communication after seven weeks. 

Once communication had been restored, the transmission’s output signal was weak and so we could not obtain adequate information. But by utilizing the explorer’s autonomous judgment function we restored it by performing one-bit transmissions. Since the chemical fuel was completely lost, we performed attitude control by using xenon gas in order to use the ion engines. However, we also lacked a sufficient quantity of xenon gas as well, and so we used solar energy for the attitude control. Nevertheless, by maintaining balance by using sun light we succeeded in operating the ion engines. 

Operations to return the explorer to Earth began once again in November of last year, as we gradually altered its trajectory. This was its trajectory as of January, this was its trajectory as of March, and this was its trajectory as of the end of March. Then at the beginning of April we engaged in the initial Trajectory Correction Maneuvers (TCM). This is a projection drawing of its trajectory over the ground at the time of reentry. After concluding consecutive trajectory controls, we engaged in four rounds of TCM. Of these corrections, the TCM3 was the most important, as we corrected the explorer’s trajectory, which was orbiting Earth at an altitude of 630 kilometers, to one aimed at the center of Australia. Hayabusa photographed Earth on May 12 right in the middle of this. It was 13.5 million kilometers away from Earth. The TCM3 operation was a success, though in actuality the operations from TCM0 through 4 did not necessarily all go smoothly. At any rate, this series of TCM was a success, which pleased me more than anything else. 

The east coast of the country is described with regard to its trajectory in entering Australia. This is the landing dispersion from immediately prior to reentry, with the green and red points representing the dispersion range in the event that the worst-case winds are assumed statistically. The blue area is the dispersion range based on the predicted values for the winds from immediately before. We were able to monitor the detachment of the capsule directly via radio signals. Hayabusa took photographs of Earth after it detached the capsule. Of course, these were something we very much wanted to see for ourselves. It looks just as if Hayabusa itself was fighting back tears as it gazed down at Earth. We performed attitude control in the direction of the detachment, and it was from there that these images were recorded. Actually things did not go smoothly after the operation on June 13 either, as a phenomenon known as a single event upset (SEU) caused the IRUs, or gyros, to malfunction. When Hayabusa’s radio signal was fading away from the Uchinoura Station, everyone was watching the strength of the radio signal. We expressed our gratitude to the people who had worked on the operation for seven years, and we congratulated ourselves on a job well done. On June 14 operations had completely ended, there were absolutely no lights on inside the operation room, and I was concerned whether the knowledge we gained would be passed down.
The recovery capsule is shaped like so. There is a sample container in this section right in the middle here. When the capsule passes through a certain altitude it detects its acceleration and deploys a parachute. By sheer serendipity there happened to be a pair of hayabusa birds (or peregrine falcons in English) living on the Australian Air Force facility. This is a scene from a direction finding experiment in Japan. We brought and set up the same equipment in Woomera. Four such investigation stations were established. This is the result of predicting the landing from right before. This black track is the nominal trajectory. Since there was an easterly wind over the ground we predicted that the recovery capsule would drift slightly to the west. This point is the predicted value, while this point here is where the instrument module (IM) was actually recovered. The distance here is approximately one kilometer. Since this grid is one kilometer, it is about 500 meters. There are heat shields on the front and back part, which detach when the parachute deploys, and both shields were found about 300 meters away from the predicted point. The parachute deployed at an altitude of five kilometers. This is the reentry as it was filmed by NASA’s DC8 observation aircraft. The lower track in red over the earth is the trajectory of the reentry capsule. Here is a movie that was filmed from NASA’s DC8. 

(Film narration): 
“Very bright.”

“Incoming… It’s very bright. Oh, that’s nice.”

“Still left of coma, still left of coma.”

“Bust breakup.”

“Nice flashes.”

“Oh wow. Is that…Lower right, lower right.”

“Keep heating.”

“Reentry vehicle. Looks like lower right.”

“Keep deceleration.”

“Forty kilometers.”

(Professor Kawaguchi): It is readily apparent that only the reentry capsule survived. These are pictures taken of the instrument box or the instrument module at the time it was recovered. You can also see the parachute along with it. Here is a slightly enlarged photograph of the device immediately after it was discovered. This is an anchor that attaches the parachute at this part here. This anchor is a device that automatically detaches to prevent the parachute from being dragged over the ground by the wind. Here they are working on removing this pyro device. 

These are some of the electrical circuits and batteries from among those detached from the instrument module that was just mentioned. These are the same circuits and batteries. The circuit section is attached to the bottom part, and this is a view of the sample container from below after these have been removed. This is the instrument box placed in a clean booth at Woomera, followed by the circuit section. As you can see, it looks so new and clean that it is almost hard to believe that seven years have passed. Another photo of the instrument module. Here is the on-site team leader from JAXA shaking hands with a representative from the Australian Air Force. 

This is the reentry capsule being loaded onto an aircraft from Woomera Airport. Then this is the take off of a direct flight bound for Japan. It arrived at Haneda Airport, and here is the package being unloaded at Haneda on the night of June 17. Here is the container being taken from Haneda to the curation center located at Sagamihara. Here the instrument box is being taken out of its bag. I was supposed to go to Australia, but the recovery work proceeded so smoothly that my trip was cancelled. As such, I got to see it up close for the first time in Sagamihara. It truly looks new and clean, as if it had just been made. The names of the team members had been printed on and affixed to the capsule. To be honest, I actually felt jealous. 
This is the sample container. Here it has been taken out. Here we are trying to open the lid of the container. This is from June 24. Here is the container being lifted up and the catcher being taken out of it. Researchers from both NASA and from Australia participated in this. The rear heat shield, parachute cover, and bag have been pulled out, and this is how it was when it was discovered. This is the front heat shield. This is the heat shield from when it was discovered, to which a ribbon was attached to make it easier to find. JAXA issued a press release on July 5 announcing that it had confirmed the presence of minute particles within its catcher. 

These are the photographs publicized in the press release. On the left side is the catcher, inside of which there are two compartments—A and B. At first only compartment A was opened, and here we are investigating it by viewing it through a microscope. The photograph on the right side is not the catcher’s compartment, but rather a photograph of the container that the catcher was stored in. On the inner wall of the container you can see particles, particulate matter, and fragments as well. Here is a prayer to god. On the right is the Tobi-Fudo (Flying Shrine), while on the neutralizer on the left is a talisman from the Chuwa Shrine, which is a play off of the word neutralizer (chuwa in Japanese).
While we did not intend to synchronize this with Hayabusa’s return, we have already begun planning and proposing Hayabusa’s successor. We are planning to head toward a C-type asteroid with Hayabusa’s successor. I believe that the sustained continuation of the project will, above all else, lead to the passing down of knowledge and technologies. For the next successor to Hayabusa we are not planning to have the mother ship reenter Earth, but rather we have a plan in which we want the mother ship to remain at a Lagrange point between the sun and Earth, if possible. I believe that the fact that Hayabusa was such a resounding success is due more than anything to the foundation of achievements laid by previous researchers. I do not think that Japanese people are very good at tackling new challenges, but unless we turn a new page then we will not discover anything new. 
Q&A
Ajami (Iris Group): First off, I would like to offer my congratulations to you Professor Kawaguchi. In your talk you mentioned the future potential for using resources found in the solar system, but at present to what stage has this idea progressed? 

Professor Kawaguchi: It is still no more than an idea. But expanding our very first sample returns, which is the first step, will allow us to bring back resources, and so I feel that the first step in utilizing such resources is scientific research. Accordingly, I feel that carrying out sample returns is the very first step toward utilizing resources. 

Normile (Science): Please tell us about the capsule in a little more detail. First of all, what quantity of particles did you find? Is this quantity sufficient for the analyses that you have planned? And what will your future schedule for the research on this be like?

Professor Kawaguchi: So far we have found two particles in compartment A of the catcher. So the speed at which we have been discovering them has been just two particles in ten days. They are extremely small, perhaps about a few dozen microns. We are searching for them with a microscope, but no matter what it is going to take some time. I think that perhaps there may be a fair amount of substances from the earth’s surface present on it, and there may be substances brought back from the asteroid as well. There should be a considerable number present, so I expect that it will take a good deal of time to search for these. 
There were more than ten particles—or what I should probably refer to as large fragments—in the container, which are even visible to the naked eye. Particles of this magnitude were found within the container. The minute particles from compartment A in the chamber are small, but they are large enough for performing analyses. After that, we will need a considerable amount of time to ascertain whether these are of Earth origin or asteroid origin. Analyzing particles one by one is not very efficient. What I mean by that is that analyzing them one by one takes an enormous amount of time. Therefore, we will start by creating a catalogue of them, or recording them, so to speak. Our priority will be on collecting the particles. From out of this we will select out those which could be candidates and those which are closest to the asteroid in origin, and subject these to analysis. This is what we are thinking about for the schedule. 
I think that it will probably take several months before we are able to render any sort of opinion. I imagine that particles picked up from the earth’s surface and then brought back make up a considerable portion of the particles. This is because our original sample collection methods did not work on the asteroid, and so even if we did manage to gather some they would be minute particles. Additionally, since the amount of minute particles that were picked up from the earth and brought back are expected to be quite considerable, I should think that the vast majority of the particles we find will be of Earth origin. 

Koelling (Financial Times Deutschland): If I may, I would like to ask a few short questions. To begin with, did you ever think about giving up on Hayabusa? My second question is what are the major lessons you learned from this current mission for future missions? My third question is what is the rationale behind Hayabusa? The same goes for projects like IKAROS, which appear to be heading in the same direction. You are undertaking some extremely innovative and pioneering attempts, and as such I would like to inquire into the foundations on which they rest.
Professor Kawaguchi: There were largely two occasions where I was close to giving it up. But if we were to fall just short of bringing it home then I would have looked on that as a failure, and so I tackled the task with the sense that we absolutely had to bring it home. 

And in terms of lessons, this would include the demonstration of technology, which was the very purpose of the Hayabusa project. The fact that we were able to get it back to Earth regardless of whatever defective, broken down, or malfunctioning parts it had will pave the way in allowing us to undoubtedly succeed by conducting reinforcements and enhancements. More than anything else, I treasure the fact that we were able to conduct a successful demonstration flight, and think that this will dramatically boost the soundness of our next flight plan. 

As for the third question, our goal has been to acquire a means which would allow us to freely navigate within the solar system, which I consider our rationale or policy. We are developing the technology that will be needed in order to do this. IKAROS is a solar sail, or rather photon propulsion, I should say. When this is actually used propulsion purely via photons will not be enough, and so what we are working on is hybrid propulsion that combines this with ion propulsion. By combining Hayabusa’s ion engine technology with IKAROS’ sail technology this will allow us to navigate toward Jupiter or the Trojan Asteroids found at the same distance as Jupiter, for example. This is our goal. Therefore our goal is technology that would enable us to freely navigate within the solar system or the development thereof. 

There is one important point that I forgot to mention. That is that solar sails are significant in terms of opening up the membrane solar batteries that generate enormous electrical power. Without mentioning that the matter I have been discussing just now might have been hard to understand. 

Suzuki (AFP): I have two questions. The first is that a little while ago you showed us an image of Earth as viewed by Hayabusa at the final phase; for this did you all decide just before reentry to invert it and try to give it a glimpse of Earth at the end? Or was this something that was decided on by the project well in advance? My other question is on the age-old criticism of space exploration. Whenever I write an article on space exploration there is invariably a response from readers, often something to the effect of why we are engaged in space exploration in this era where we have many unemployed. When it comes to the Hayabusa mission, I think that there are a lot of ordinary people who think that such space exploration is interesting. Would you care to comment on the impact that the Hayabusa mission has had on attitudes towards how the average person thinks about space exploration?

Professor Kawaguchi: The decision to capture Earth via Hayabusa was made well in advance. Technologically, we had the minor goal of seeing about the deterioration in the CCD, or charge-coupled device. At the same time, we also had a more sentimental reason. We definitely wanted to take a picture at the end in the interval after detachment but prior to reentry. We wanted to give Hayabusa a glimpse of Earth, and so this decision was made ahead of time with that intention. 

Regarding your second question, my answer may stretch on a little. In terms of how space exploration contributes to daily life and the public, such as downturns in industry for example, I think we have to think carefully about the issue of time scales. The investment effects that space exploration itself has on the economy are minor. Extremely minor, I would imagine. But space exploration acts as an incentive for the people. For example, a span of 15 years has elapsed since the Hayabusa project was started. This span of 15 years is comparable to the amount of time that it takes elementary school students to graduate from college and find jobs. If over that time the next generation of people who will take charge of the economy, or industry, can be educated and fostered, then I would tend to think of this as the greatest achievement of space exploration. While it does not foster industry directly, it is capable of fostering human resources, and these human resources contribute to industry. Therefore, while it does not produce results for the economy and industry over extremely short time scales, this should be looked at over a longer time scale. This would have to be my initial response. 
Proposals that can similarly be seen in national policies include making textbooks free or making high school tuition fees free of charge, for example. These are likewise also investments. By way of example, the Hayabusa 1 project cost a little more than 20 billion yen. Say for example that this was over ten years, then that means that this could be accomplished if every person in the country from children to the elderly were to pay 200 yen over this ten year span. I feel that the educational effects obtained from this would be far larger (than the amount of money spent). 

And finally, I think it is extremely important that the public takes pride in its country’s science and technology. This mentality of striving to continue on with the pride, the joy and pride that everyone living in a country has serves as the foundation for cultivating the next generation of science and technology, which will take the lead in the industrial economy. I ask that you consider it from this perspective. 

Ajami (Iris Group): Was Hayabusa 100% made in Japan?

Professor Kawaguchi: Many of its parts were imported. 

Moderator: May I exercise my privilege as moderator to ask a question? Are there any black box-type components among those parts? 

Professor Kawaguchi: There is nothing in there that would be involved in issues of momentous reliability if we were not aware of it. (The imported parts) could probably be made in Japan if we had tried to do so. But since domestic demand ultimately can not sustain the industry, there are not any manufacturers in Japan who makes the parts, and so we had no choice but to import them. 
Koelling (Financial Times Deutschland): How long do you think it will be before you carry out a manned flight? And how long will it be before you can undertake a manned flight by means of the so-called solar yacht or hybrid yacht?

Professor Kawaguchi: When it comes to the first manned interplanetary flight, I would say that the very first such flight would probably use chemical propulsion, a conventional propulsion. Ion engines might be next. I think that technologically we are ready for such an era. I think that such an era will come in about 10 to 20 years. 
Normile (Science): Can you very briefly tell us about the current status of IKAROS? It was my understanding that despite the request for a budget of 1.7 billion yen for the current fiscal year you could only secure a budget of 30 million yen with regard to the next asteroid mission. Are you optimistic that with the Prime Minister praising Hayabusa at the Diet, you will be able to secure a sizable budget from the government in the coming fiscal year for your next asteroid mission? 
Professor Kawaguchi: I think your question is probably on Hayabusa’s successor, for which we are trying to submit a budgetary request for the following fiscal year of about 4 billion yen, I believe. This budgetary request will be debated hereafter, and it will take several more months before a decision is reached on the budget for the next fiscal year. I am sure that the government and politicians thoroughly understand our request, and I believe that they will provide us with the budget. Just like with my response to that question from a little while ago, when the national budget is tight then unless belief in this mechanism (regarding the economic and educational effects of scientific and technological advancements), that is to say the mechanism from my recent response, is shared (with the government) then there will be no understanding (of its importance). I feel that they probably understand this, and I would be grateful if those in the media would be able to get the word out on this. 
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