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C. Precursor studies for performance evaluation & site selection

D. Let’s begin proposing now!

B. How to make it happen?

C.2. Simulation of radio wave propagation

C.3. Results

B.1. Must verify superior performance
We must confirm that such a radio array will perform as promised
in the lunar environment.

• How might the lunar regolith scatter radio waves to disturb the
observation?

• How much would the lunar “ionosphere” affect the observation?
The Moon’s shielding effect was first demonstrated in the mid-
1970s:  When the Radio-Astronomy-Explorer-2 satellite was
behind the Moon, its antenna temperatures dropped by a few
orders of magnitude (see the data for various low frequencies => ).
For high-sensitivity interferometric observations, however, we
want to verify a much better attenuation on the lunar surface.
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A simple array of ~10 dipole antennas (like this one) is
probably the most technologically feasible observatory to be
placed and operated on the Moon.
• Radio antennas are much more robust than optics  (against
dust, temperature extremes, micrometeorites, …).
• Deployment will be simple enough to do robotically (optical
interferometer, for example, will likely require astronauts).

• Power and communication systems developed for this will
be useful for any future missions to the Moon / Mars.

Even compared to a free-flyer in space:
• The one location permanently free from the significant
natural and artificial interference from Earth.

 (This unique radio quietness will not likely last long once
humans begin development around the Moon!)
• Also avoids Sun's dominating radiation during the lunar
night (and study the Sun during the day).
• Stable platform for interferometry: no need to
continuously monitor/control array positions.

Discovering the new universe (by opening the new frequency window)
• The only unexplored part of the electromagnetic spectrum in astronomy.

• Violent phenomena involving energetic particles (Solar activity, cosmic rays, interstellar medium, millisecond pulsars).

• New objects & new phenomena never seen before at higher frequencies.  • Completely unexpected discoveries.

SELENE ?
• Lunar Radar Sounder (4-6MHz)

- Terrestrial noise behind the Moon.

- Permittivity & conductivity profiles and
subsurface reflections at candidate sites.

• Terrain Camera & Laser Altimeter
- Would higher resolution be possible at
candidate sites?

• Radio Science
- Electron density profile throughout the
lunar day & night and the transition.

• Lunar Magnetometer
- Magnetic survey of candidate sites.

All images from  http://www.gsfc.nasa.gov/

Precursors (international missions):
1. Lunar orbiter

• Low-frequency radio receiver & transmitter [noise level]
• Radar sounder (0.3~30 MHz) [subsurface reflections]
• Imager/altimeter (vertical resolution < 0.5 m, horizontal
resolution < 10 m) [topology for antenna placement]
• Ionospheric survey  [electron density above lunar surface]
• Magnetometer [low field desired]

2. Two-element orbiting interferometer
• Inflatable phased-array antenna.
• To assess radio & plasma waves in the lunar environment.
• Radio spectrograph with large bandwidth.

3. Near side lander
• Deploy 2-element interferometer on surface.
• Active sounding to probe local subsurface.

4. Robotic array deployment
• 10-element array over an area of ~20km.

On a uniform space-time grid, the scalar
wave equation was solved using the
finite difference method.

relative permittivity = 1.9 ρ
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These approximations (from the Lunar Sourcebook) were used to
place the Moon in the computational space. [σ ≈ ωεrε oL.]

electrical properties of the Lunar regolith

Taking the most feasible first step
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Image waiting to be disclosed.

Attenuation at various locations on the Moon: 50 kHz wave
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wavelength (m) 10-15~10-14~10-13~10-12 10-11~10-10~10-9 10-8~10-7 10-6 10-5~10-4 10-3~10-2 10-1~1 10 1~102~103~104

frequency (Hz) 1023~1022~1021~1020 1019~1018~1017 1016~1015 1014 1013~1012 1011~1010 109~108 10 7~106~105~104

observatory CGRO ROSAT EUVE HST IRAS COBE Earth-based Lunar Farside Array

View
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Universe

?
Let's find out!

Reaching for the best for radio
astronomy: the lunar far side
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B.2. Must select candidate sites
- A crucial first step to further progress in mission design.

- Influences many elements including the communication
architecture and the deployment method.

- Imperative for planning precursor missions to examine
candidate sites.

• How far into the far side must the observatory  be for the
terrestrial interference to be sufficiently attenuated?

(The flux density of Earth’s auroral kilometric radiation is up to 6
orders of magnitude higher than the galactic background level.)

C.1. Approach
Develop a code to simulate propagation of radio waves around the Moon to:

1. Simulate interferometric observations by an array on the lunar surface.

2.  Study how well the Moon shields incident interference from Earth.

C.4. Conclusions
• In the farthest 50o of the lunar surface, the interference will be attenuated by
as much as 12~16 orders of magnitude, even for a very long wavelength of 6
km (frequency of 50 kHz).

• With this level of attenuation, the intensity of the terrestrial interference
would be 6~10 orders of magnitude below the background level.

• At higher frequencies, the attenuation should only improve (less
diffraction).
• An orbiter could estimate the level of terrestrial interference on the surface
using the above comparison between the attenuation in orbit and on surface.
• The result for the orbit indicates that a lunar orbiting observatory will be
able to take advantage of the shielding by the Moon only during a very small
fraction of its orbit.

Continuous
plane wave
from Earth

(interference)

Shielding by the Moon of 50 kHz wave
 (energy density in log-scale)

C.5. Further study
Even if the terrestrial interference is attenuated by 120 dB, an
interferometer may pick it up if the noise is coherent.  We are currently
trying to determine the directivity and coherence of this attenuated
interference on the far side of the Moon.  We will simulate
interferometric observations by an array on the lunar far side surface.

The lunar “ionosphere” and the local plasma were simulated by altering
the effective permittivity according to the electron number density.

ESA [28]

NASDA

Daedalus

Aitken
Tsiolkovsky

|<= behind Moon =>|

J. K. Alexander et al. 1975.

SELENE is capable of making many measurements directly
relevant to the future of astronomy from the Moon.


