SNAP L2 Orbit Scattering Angles

Patrick Jelinsky

01/26/2004

Introduction

Since SNAP is trying to measure very small signals, it is important to reduce the scattering of light into the instrument. The scattering analysis and baffle design requires the angles and intensities of the scattering objects. The main scattering objects for SNAP are the sun, earth, and moon.

SNAP is now considering going to an L2 orbit. For more information on L2 orbits see SNAP Tech Note TBD reference 1. This memo presents an analysis of the possible angles and illumination fraction of the earth, sun, and moon for both a 55,000 km halo orbit and a 264,000 km lissajous orbit. 

Coordinate System

Figure 1 shows the SNAP observatory global coordinate system. The system is defined in reference 2. The X axis is normal to the solar array and in general is pointing near the sun. The Z axis is the viewing direction of SNAP and in general is pointing near the ecliptic poles (but only has to be about 90( from the sun).
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Figure 1 SNAP Coordinate System.

The sun must be within ((( of  the X axis and within 90(((( of the Z axis. Currently SNAP is allowed to point with ( up to (45( and ( up to (20(. The requirements are not firm yet and ( may be up to (25(. So both cases will be analyzed. Stated in another way ( is the rotation about the Z axis and ( is the rotation about the Y.

Halo Orbit

Reference 1 showed that the best L2 halo orbit had an amplitude out of the ecliptic plane (Z direction) of 55,000 km. This orbit was used to analyze the potential angles that the sun, earth, and moon could have with SNAP.

Since the moon and earth are always on the sun side of SNAP, they will only be partially illuminated. Figure 2 shows an illustration of the maximum illumination of the earth and the moon that SNAP can see from the halo orbit. The earth can have a maximum of 5.3% of it’s disk illuminated, the moon can have a maximum of 12.4% of it’s disk illuminated. The maximum angular diameter of the earth is 0.51( and the maximum angular diameter of the moon is 0.23(.
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Figure 2 Maximum illuminated fraction of the earth and moon for the halo orbit. The earth has a maximum fraction of 5.3% of the disk illuminated. The moon has a maximum of 12.4 % of the disk illuminated.

At any given time SNAP can point to a portion of the sky shown in Figure 3. The surface is the allowed region of sky. ( is the allowed pitch angle, ( is the ecliptic latitude and ( is the ecliptic longitude. This portion of the sky slowly changes as SNAP orbits around the sun. With ( = 20( SNAP can access 34% of the sky at any given moment, and with ( = 25( SNAP can access 42% of the sky.

The analysis was run with 16 pointing directions with sun to Z axis angle equal to 90(-(, 16 pointing directions with the sun to Z axis angle equal to 90(+(, and 16 pointing directions with the sun to Z axis angle equal to 90(. For each pointing direction the observatory was rotated about the Z axis with the sun to x axis angle in the range of (45( at 11 locations. The orbit was run for 1 year and one location on the orbit per day was analyzed. Therefore about 192,720 pointing orientations were checked. For each of these orientations, the sun, earth, and moon vectors in the local SNAP coordinates were recorded.
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Figure 3 Snap Allowed pointing directions. The surface is the allowed region of sky that SNAP can point to in ecliptic coordinates. ( is the allowed pitch angle. ( is the ecliptic latitude and ( is the ecliptic longitude.

Figure 4 shows the result of the analysis for ( within (20(. The dots are the results of the analysis and the lines are the recommended scattering angle bounds. The points for the boundary are given in Table 1. ( is the rotation about the Z axis and ( is the rotation about the Y axis.
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Figure 4 Earth, Moon, and Sun angles for a halo orbit with ( within (20(. The dots are the results of the analysis and the lines are the recommended scattering angle bounds.

Table 1 Halo Orbit (( = 20() Scattering Angle Boundary Points

	Earth
	Moon
	Sun

	((()
	((()
	((()
	((()
	((()
	((()

	-70.9
	0.0
	-85.8
	0.0
	-45.0
	-20.0

	-55.9
	45.9
	-42.7
	61.0
	-45.0
	20.0

	55.9
	45.9
	42.7
	61.0
	45.0
	20.0

	70.9
	0.0
	85.8
	0.0
	45.0
	-20.0

	55.9
	-45.9
	42.7
	-61.0
	
	

	-55.9
	-45.9
	-42.7
	-61.0
	
	


Figure 5 shows the result of the analysis for ( within (25(. The dots are the results of the analysis and the lines are the recommended scattering angle bounds. The points for the boundary are given in Table 2. ( is the rotation about the Z axis and ( is the rotation about the Y axis.
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Figure 5 Earth, Moon, and Sun angles for a halo orbit with ( within ±25°. The dots are the results of the analysis and the lines are the recommended scattering angle bounds.

Table 2 Halo Orbit (( = 25°) Scattering Angle Boundary Points

	Earth
	Moon
	Sun

	((()
	((()
	((()
	((()
	((()
	((()

	-70.9
	0.0
	-85.8
	0.0
	-45.0
	-25.0

	-51.4
	50.9
	-35.7
	66.0
	-45.0
	25.0

	51.4
	50.9
	35.7
	66.0
	45.0
	25.0

	70.9
	0.0
	85.8
	0.0
	45.0
	-25.0

	51.4
	-50.9
	35.7
	-66.0
	
	

	-51.4
	-50.9
	-35.7
	-66.0
	
	


Lissajous Orbit

Reference 1 showed that the best L2 lissajous orbit had an amplitude out of the plane (Z direction) of about 264,000 km and an amplitude in the Y direction equal to the amplitude in the Z direction. This orbit was used to analyze the potential angles that the sun, earth and moon could have with SNAP.

Since the moon and earth are always on the sun side of SNAP, they will only be partially illuminated. Figure 6 shows an illustration of the maximum illumination of the earth and the moon that SNAP can see from the lissajous orbit. The earth can have a maximum of 1.5% of it’s disk illuminated, the moon can have a maximum of 5.3% of it’s disk illuminated. The maximum angular diameter of the earth is 0.51( and the maximum angular diameter of the moon is 0.19(.

[image: image6.png]



Figure 6 Maximum illuminated fraction of the earth and moon for the lissajous orbit. The earth has a maximum fraction of 1.5% of the disk illuminated. The moon has a maximum of 5.3 % of the disk illuminated.

The analysis was run with 16 pointing directions with sun to Z axis angle equal to 90(-(, 16 pointing directions with the sun to Z axis angle equal to 90(+(, and 16 pointing directions with the sun to Z axis angle equal to 90(. For each pointing direction the observatory was rotated about the Z axis with the sun to x axis angle in the range of (45( at 11 locations. The orbit was run for 6.8 years and one location on the orbit per day was analyzed. Therefore about 1,310,496 pointing orientations were checked. For each of these orientations, the sun, earth, and moon vectors in the local SNAP coordinates were recorded.

Figure 7 shows the result of the analysis for ( within (20(. The dots are the results of the analysis and the lines are the recommended scattering angle bounds. The points for the boundary are given in Table 3. ( is the rotation about the Z axis and ( is the rotation about the Y axis.
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Figure 7 Earth, Moon, and Sun angles for a lissajous orbit with ( within ±20°. The dots are the results of the analysis and the lines are the recommended scattering angle bounds.

Table 3 Lissajous Orbit (( = 20°) Scattering Angle Boundary Points

	Earth
	Moon
	Sun

	((()
	((()
	((()
	((()
	((()
	((()

	-58.9
	0.0
	-71.3
	0.0
	-45.0
	-20.0

	-51.4
	34.0
	-54.5
	46.9
	-45.0
	20.0

	51.4
	34.0
	54.5
	46.9
	45.0
	20.0

	58.9
	0.0
	71.3
	0.0
	45.0
	-20.0

	51.4
	-34.0
	54.5
	-46.9
	
	

	-51.4
	-34.0
	-54.5
	-46.9
	
	


Figure 8 shows the result of the analysis for ( within (25(. The dots are the results of the analysis and the lines are the recommended scattering angle bounds. The points for the boundary are given in Table 4. ( is the rotation about the Z axis and ( is the rotation about the Y axis.
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Figure 8 Earth, Moon, and Sun angles for a lissajous orbit with ( within ±25°. The dots are the results of the analysis and the lines are the recommended scattering angle bounds.

Table 4 Lissajous Orbit (( = 25°) Scattering Angle Boundary Points

	Earth
	Moon
	Sun

	((()
	((()
	((()
	((()
	((()
	((()

	-58.9
	0.0
	-71.3
	0.0
	-45.0
	-25.0

	-48.6
	39.0
	-52.3
	51.9
	-45.0
	25.0

	48.6
	39.0
	52.3
	51.9
	45.0
	25.0

	58.9
	0.0
	71.3
	0.0
	45.0
	-25.0

	48.6
	-39.0
	52.3
	-51.9
	
	

	-48.6
	-39.0
	-52.3
	-51.9
	
	


Conclusion

The bounds for the angles for the Earth, Moon, and Sun are given in the tables and can be used in the stray light analysis of SNAP.

The lissajous orbit has a slight advantage over the halo orbit since the stray light from the earth and moon should be easier to control. The stray light from the sun should be the same for both. In the lissajous orbit the earth will have about 28% and the moon 43% of the flux of the respective objects in the halo orbit. This is since the disks are less illuminated. The angles of the earth and moon for the lissajous orbit are also closer to the X axis by about 12(.
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