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Abstracts 

On September 3rd this year, the 12th anniversary of SMART-1's additional lunar collision, we commemorate it today and 

investigate its motives, which makes great sense for the study of astronautical history. SMART-1, a satellite orbiting the Moon 

with a solar ion thruster and the Europe's first lunar probe, was launched in September 2003 and reached low-Moon orbit over 

the Moon in November 2004. Since then, it entered its final orbit between 470 and 2,900 kilometres from the surface of the 

Moon and carried out a large number of scientific experiments in this orbit. On September 3, 2006, 05:42 GMT, SMART-1 

struck the Moon under the control of scientists. It is necessary to point out that there is no such a mission as impacting the 

Moon in the original mission of SMART-1. The European Aeronautics and Space Administration announced on February 15, 

2005 that it would extend SMART-1’s mission for one year until August 2006. People can't help asking: why was SMART-1 

still working (additional collision with Moon hitting by SMART-1) on Sept. 3, 2006, after the August 2006 deadline? What 

happened to the extremely rigorous aerospace operations to make such a major modification and change! This mysterious veil 

was lifted by a piece of information relating to Astronomy History published in this article, based on an original email from Dr. 

Raj Sivalingam in ESA. It is evident that the additional collision with Moon hitting by SMART-1 did closely related to author’s 

open letter to NASA and author’s email to European Aeronautics and Space Agency. The additional lunar collision 12 years 

ago highlighted NASA and ESA’s scientific spirit, their tolerance for different academic views, and especially ESA’s 

persistence of repeating verification for major scientific issues using all possible. Although the additional hitting the Moon 

didn’t lead to a definitive conclusion as to whether the Moon actually had water ice or not, it highlighted the scientific 

community’s desire for truth. 
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1. Introduction 

SMART-1 (Figure 1) [1], a satellite orbiting the Moon with a 

solar ion thruster and also Europe's first lunar probe, was 

launched in September 2003 and reached low-Moon orbit in 

November 2004. Since then, it entered its final orbit between 

470 and 2,900 kilometres from the surface of the Moon and 

carried out a large number of scientific experiments in this 

orbit. On September 3, 2006, 05:42 GMT, SMART-1 struck 

the Moon under the control of scientists [1]. 
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Figure 1. SMART-1. 

SMART-1 would test new space flight technology as part of 

the original plan for "Small Missions for Advanced Research 

in Technology". The main purpose of the SMART-1 was to 

test solar ion thrusters. It would also test the use of small 

scientific equipments. If successful, these technologies would 

be used in future ESA (ESA) missions. 

SMART-1’s second original mission was to get more 

information about the Moon. SMART-1 would use X-ray and 

infrared remote sensing to draw the lunar surface, take 

pictures from different angles and build a three-dimensional 

model of the lunar surface. It would also use X-ray 

spectroscopes to detect the chemical composition of the 

Moon. In addition, it would use infrared to determine the 

Moon's South Pole whether solid water exists and to explore 

the Moon's Peak of Eternal Light area. 

It is necessary to point out that there is no such a mission as 

hitting the Moon in the original mission of SMART-1. The 

European Aeronautics and Space Administration announced 

on February 15, 2005 that it would extend SMART-1’s 

mission for one year until August 2006. People can't help 

asking: why was SMART-1 still working (additional collision 

with Moon hitting by SMART-1) on Sept. 3, 2006, after the 

August 2006 deadline? What happened to the extremely 

rigorous aerospace operations to make such a major 

modification and change! 

2. The Additional Collision 
Highlighted the Scientific 

Spirit of Seeking Truth 

On April 13, 2006, I wrote an open English letter to NASA 

(Figure 2) and posted it on NASA’s science website [2]. 
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Figure 2. An open letter to NASA. 

In this open letter, I considered that it was futile to go to the 

Moon to find water or water ice, based on my theory of Rift 

Evolutionism (Tianxi Sun) [3~6]. One of the important 

arguments of this theory is that only a heavenly body with 

rift valleys can have its water body and its life. 

“There is no Rift Valley on our Moon. Therefore there 

couldn’t exist any water ice there. The impacting to the 

southern pole of the Moon in 1999 has testified it. The future 

impacting of LRO will testify it again! I suggest that NASA 

should declare with clear and open what’s lurking within 

permanently darkened craters after the impacting in 2008”, I 

wrote. 

The Tianxi Sun's Rift Evolution Thread in NASA’s science 

website from April 15 to August 16, 2006, led to 176 heated 

discussions, thus reflecting NASA’s tolerance for different 

academic views. 

A few days later, I sent this open letter by email to the 

European Aeronautics and space agency. Dr. Raj Sivalingam, 
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the director of UK Space Policy and European Relations in 

the European Aeronautics and space agency replied to me 

soon also by an email (Figure 3-4) on April 20, 2006. 

 

Figure 3. Dr. Raj Sivalingam’s reply (1). 
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Figure 4. Dr. Raj Sivalingam’s reply (2). 

 

In his email, Dr. Raj Sivalingam said “Regarding the Moon, the presence of water ice at the South Pole is indeed controversial, 

and the earlier attempt to find it with Lunar Prospector was not definitive. … Perhaps I can add that the European SMART-1 

will be targeted to hit the Moon later this year and may also monitored by telescopes to investigate the ejects material.” 
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3. Looking Back SMART-1 to Impact the Moon 

3.1. SMART-1 Impact Site Region 

This mosaic of images (Figure 5) [7], obtained by the Advanced Moon Imaging Experiment (AMIE) on board ESA's SMART-1 

spacecraft, shows the predicted lunar impact site for the mission. 

 

Figure 5. The predicted lunar impact site for the mission. 

AMIE obtained this sequence on 19 August 2006 from the 

relatively high distance of 1200 kilometres from the surface, 

with a resolution of about 120 metres per pixel. The imaged 

area is located at mid-southern latitudes on the lunar nearside 

near Lacus Excellentiae. 

To take these images, SMART-1 had to be tilted by 20 

degrees in order to obtain a large ground coverage and an 

image mosaic of several views, each covering an area about 

60 kilometres per side. 

On its final orbits, SMART-1 will be travelling from north to 

south over the lunar near side, and it is predicted that impact 

with the lunar surface will occur around 46 seconds, 90 

kilometres, before the orbital perilune point. According to 

calculations based on the available maps and topography, 

impact would take place at a descending angle of one degree 

on a relatively flat surface. 

The predicted impact site is at 46.2° W, 33.3° S. 

However, the actual impact site is at 46.25° W, 36.44° S. 

This view (Figure 6) [8] shows the region on the Moon 

around the SMART-1 impact site, with the lunar phase of 

00:38UT on 3 September 2006. 

The red circle marks the Smart-1 Crash Site as Revised on 6 

August 2006 (S1C-R) with the coordinates 46.25° W, 36.44° S. 

The features from the pointing roadmap are labelled. At the 

given time, ~5 hours before nominal impact, the terminator 

has entered the field of view on the right, and has passed 

crater Dunthorne. The region west of the terminator is only 

illuminated by Earthshine. 

 

Figure 6. SMART-1 impact site region on 3 September 2006, 00:38 UT. 

The image is part of a larger mosaic taken during the 

spacecraft's final orbits of the Moon and captures a variety of 

geological features: volcanic plains, hills and impact craters 

of varying size. SMART-1 likely struck the side of a hill at a 

low angle of 5-10 degrees and a speed of about 2 km/s. 

Observatories around the world saw the resulting impact 

flash and cloud of dust thrown up by the impact. 

Estimates suggest that SMART-1 left a crater 3-10 m wide 

and perhaps a metre deep. Using new high-resolution data, 

scientists hope to locate the impact crater. 
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The actual SMART-1 impact took place on 3 September 2006 

in the course of the spacecraft’s 2890th orbit around the Moon. 

SMART-1 sent its last signals to Earth at 07:42:21:759 CEST 

(05:42:21:759 UT), and the JIVE radio telescope from Hobart, 

Tasmania, measured a loss of signal a few moments later, at 

07:42:22.394 CEST (05:42:22.394 UT) [9]. 

3.2. Observation Process 

The SMART-1 mission has ended with a controlled impact 

with the lunar surface. Impact occurred at 05:42.21.759 UT. 

Approximate impact coordinates are 34.4 S, 46.2 W on the 

edge of Lacus Excellentiae. 

Professional and amateur ground observers all around the world 

– from South Africa to the Canary Islands, South America, the 

continental United States, Hawaii, and many other locations – 

were watching before and during the small SMART-1 impact, 

hoping to spot the faint impact flash and to obtain information 

about the impact dynamics and about the lunar surface 

excavated by the spacecraft. The quality of the data and images 

gathered from the ground observatories – a tribute to the end of 

the SMART-1 mission and a possible additional contribution to 

lunar science - will be assessed in the days to come. 

3 SEPTEMBER 2006 

15:10 UT - New Images released 

Several new images and a report on radio observations have 

been added. 

09:30 UT - Observations Confirmed 

CFHT report observing a flash at the moment of impact. Two 

associated images are available on the right-hand side: one of 

the observed flash and one showing a contour plot of the 

intensity. 

06:36 UT - Official ESA Press Release 

06:17 UT - Images from SMART-1 

05:45 UT 

Impact confirmed. 

05:30 UT - 0h13m to impact 

Last data from spacecraft can be obtained at 13 minutes 

before impact 

05:28 UT - 0h15m to impact 

Activities at mission control in Darmstadt, Germany 

04:57 UT - 0h46m to impact 

04:24 UT - 1h19m to impact 

The MDM telescope at Kitt Peak observatory report poor 

weather conditions and are unlikely to be able to observe. 

The skies over Hawaii are, however, clear. 

04:03 UT - 1h40m to impact 

SMART-1 is now in its final orbit around the Moon. Impact 

is scheduled for 05:43 UT. 

3.3. CFHT Image of SMART-1 Impact 

An infrared image (Figure 7) [10] from the 3.6m Canada 

France Hawaii Telescope of SMART-1 impacting the lunar 

surface at approximately 05:42:15 UT. 

 

Figure 7. SMART-1 Impact. 

(Copyright: CFHT) 

3.4. Contour Plot of Impact Flash 

A contour map (Figure 8) [11] of the flash, so bright that it is 

saturated, shows that the North (top) and South (bottom) of 

the flash are not identical. There is a clear elongation on the 

South side in the direction of the motion. 



36 Tianxi Sun:  A Mystery of Astronautical History: Additional Collision with Moon by SMART-1   

 

 

Figure 8. SMART-1 Impact Flash. 

(Copyright: CFHT) 

The elongations at 45 degrees are due to the diffraction 

pattern from the secondary mirror supports (the spider). 

The units on the axes of the graph are WIRCAM (Infrared 

camera) pixels: 0.3" or ~0.5km. 

3.5. Impact Dust Cloud 

Analysis of images (Figure 9) [12] obtained at the CFHT by 

Christian Veillet have revealed a plume of debris thrown up 

when SMART-1 impacted the lunar surface. 

The observations were made with the WIRCam wide-field 

infrared camera with 10s exposure time through an H2 

narrow-band filter at 2122 nanometers with a 32 nanometers 

bandwidth. 

Each image is approximately 2'x2', equating to 200 km x 200 

km. 

 

Figure 9. SMART-1 Debris. 

(Copyright: CFHT) 
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4. The Additional Hitting the 

Moon Didn’t Lead to a 
Definitive Conclusion  

The volume of material ejected (predicted to be 10 m
3
) will 

be essentially made of dust with dominant size around 15 

microns (normalized per area) and the effective area of ejecta 

could be 25 km
2
. This can lead to obscuration of the 

underground soil in the first minute after impact, and partial 

obscuration later. The ejecta can be also traced in Earth shine 

reflected light giving a level of V=14.5 per arcsec
2
 accessible 

to large telescopes (1500 photon per second for a 2 m class 

telescope). Small telescopes are able to image the Earthshine 

on the Moon, even with a modest resolution of 1.5 arcsec. 

They would be able to detect the excess brightness of the 

effective area of elongated ejecta with excess magnitude 

13-14 [13]. 

It is important to obtain measurements in several optical and 

infrared wavelengths, in addition to the CFHT observations 

(2.12 microns). 

From a detailed analysis of the CFHT infrared movie of the 

variations after the flash, a cloud of ejected material or debris 

travelling some 80 kilometres in about 130 seconds has been 

detected by observer Christian Veillet, Principal Investigator 

for the SMART-1 impact observations at CFHT [14]. 

"The successful capture of the SMART-1 impact from Earth 

raised a substantial interest in the amateur and professional 

astronomical community. They started to reanalyze the 

available data, to repeat observations of the impact site and to 

share the results worldwide as a family", said Pascale 

Ehrenfreund, coordinator of the SMART-1 impact ground 

observation campaign [14]. 

But where is the water ice? Didn't you say there may be 

water ice on the Moon? And didn’t you say “monitored by 

telescopes to investigate the ejects material”? So, detected 

what? Where is the final report? The additional hitting the 

Moon didn’t lead to a definitive conclusion as to whether the 

Moon actually had water ice or not. 

5. Conclusions 

On September 3rd this year, the 12
th
 anniversary of 

SMART-1's additional lunar collision, we commemorate it 

today and investigate its motives, which makes great sense 

for the study of astronautical history. 

It is evident that the additional collision with Moon hitting by 

SMART-1 did closely related to my open letter to NASA and 

my email to European Aeronautics and Space Agency. 

The additional lunar collision 12 years ago highlighted 

NASA and ESA’s scientific spirit, their tolerance for different 

academic views, and especially ESA’s persistence of 

repeating verification for major scientific issues using all 

possible. 

Although the additional hitting the Moon didn’t lead to a 

definitive conclusion as to whether the Moon actually had 

water ice or not, it highlighted the scientific community’s 

desire for truth. 
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