2.8 Altair Emissivity and Throughput Budgets

The GAOS OCDD summarizes the science requirements for Altair.  Among these are the following requirements on throughput and emissivity:

· The deployment of AO must not lower the telescope throughput by more than 25% over the baseline wavelength range (1-2.5 (m). With the changeable dichroic if necessary, the same performance is required for 0.85 to 1.0 (m.

· The total emissivity of the telescope and AO system (without AtmDC) in the K band must be less than 19%, with a goal of keeping this emissivity out to 5 (m.

Below we try to estimate the delivered throughput and emissivity of the current (PDR) design. Currently missing are the light losses within the glass elements, and also any emissivity from the glass within the beamsplitter or AtmDC

2.8.1 Assumptions
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Table 3.3

Reflection values are from Gillett, a combination of emailed table and Excel spreadsheet for overcoated silver. Assume the same coating for WFS, which should be pessimistic for the optical regime. Beamsplitter data is from sample (Jim Stilburn), IR air glass losses from beamsplitter AR coating data.  Optical air-glass losses from Fletcher/Stilburn Sol-gel+MgF2 coating tests.

Science Path Throughput
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Table 3.4

**Beamsplitter entry is integrated throughput

Have kept TP for 0.5 and 0.7 (m in case of alternative beamsplitter choices

Have included M1, M2 and Science fold, despite the wording of the requirements, as we think it is useful to consider the whole telescope as a system. The throughputs here can then just be multiplied by the instrument throughput to obtain a prediction from the surface of the primary through to the science detector.

2.8.2 WFS Path Throughput
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Table 3.5

Beamsplitter is measured reflection.

Have kept TP for 1.0 (m in case of alternative beamsplitter choices.

2.8.3 Science Path Emissivity (including ADC)
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Table 3.6

2.8.4 Science Path Emissivity (no ADC)

[image: image5.wmf]Element

Reflection

Air-Glass

Em(2.2)

M1

1

0.013

M2

1

0.013

AO Fold

1

0.013

Collimator

1

0.013

DM

1

0.013

TT

1

0.013

BS

2

0.022

Convex

1

0.013

Camera

1

0.013

Sci. Fold

1

0.013

Totals

9

2

0.139

Table 3.7

2.8.5 Conclusion

From the above it can be seen that at present the PDR design seems to satisfy the OCDD requirements for throughput and emissivity.
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		Element		Reflection		Air-Glass						TP(0.5)		TP(0.7)		TP(1.0)		TP(1.65)		TP(2.2)

		M1		1								0.944		0.979		0.979		0.986		0.987

		M2		1								0.944		0.979		0.979		0.986		0.987

		AO Fold		1								0.944		0.979		0.979		0.986		0.987

		Collimator		1								0.944		0.979		0.979		0.986		0.987

		DM		1								0.944		0.979		0.979		0.986		0.987

		TT		1								0.944		0.979		0.979		0.986		0.987

		BS**				1						0		0		0.93		0.96		0.965

		ADC				4						0		0		0.9644830906		0.9490052406		0.9567206906

		Convex		1								0.944		0.979		0.979		0.986		0.987

		Camera		1								0.944		0.979		0.979		0.986		0.987

		Sci. Fold		1								0.944		0.979		0.979		0.986		0.987

		Totals		9		5						0		0		0.7410061164		0.8024760472		0.8206667798

		**BS special case

		Have kept science throughput for 0.5 and 0.7 in case of alternative beamsplitter choices

		Wavefront Sensor Path Throughput

		Element		Reflection		Air-Glass						TP(0.5)		TP(0.7)		TP(1.0)

		M1		1								0.944		0.979		0.979

		M2		1								0.944		0.979		0.979

		AO Fold		1								0.944		0.979		0.979

		Collimator		1								0.944		0.979		0.979

		DM		1								0.944		0.979		0.979

		TT		1								0.944		0.979		0.979

		BS**		1								0.99		0.995		0

		WM1		1								0.944		0.979		0.979

		WM2		1								0.944		0.979		0.979

		Field Lens				2						0.98505625		0.992016		0.99500625

		Flat		1								0.944		0.979		0.979

		Coll.Lens				6						0.9558353598		0.9762387238		0.9850934381

		Gimball		1								0.944		0.979		0.979

		ADC				4						0.9703358157		0.9840957443		0.9900374375

		Camera				6						0.9558353598		0.9762387238		0.9850934381

		WF2/3				6						0.9558353598		0.9762387238		0.9850934381

		Lenslets				2						0.98505625		0.992016		0.99500625

		Totals		11		26						0.4574551686		0.7250914728		0

		**BS special case

		Have kept WFS throughput for 1.0 in case of alternative beamsplitter choices

		Science Path Emissivity

		Element		Reflection		Air-Glass														Em(2.2)

		M1		1																0.013

		M2		1																0.013

		AO Fold		1																0.013

		Collimator		1																0.013

		DM		1																0.013

		TT		1																0.013

		BS				2														0.022

		ADC				4														0.044

		Convex		1																0.013

		Camera		1																0.013

		Sci. Fold		1																0.013

		Totals		9		6														0.183

		Science Path Emissivity (no ADC)

		Element		Reflection		Air-Glass														Em(2.2)

		M1		1																0.013

		M2		1																0.013

		AO Fold		1																0.013

		Collimator		1																0.013

		DM		1																0.013

		TT		1																0.013

		BS				2														0.022

		Convex		1																0.013

		Camera		1																0.013

		Sci. Fold		1																0.013

		Totals		9		2														0.139
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Sheet1

		Throughput and Emissivity Budgets for GAOS

		Simon L. Morris 17.9.97 DAO/HIA/NRC

		Assumed Throughputs (Wavelength microns)										0.5		0.7		1		1.65		2.2

		Reflection (0.4-2.5 micron optimized)										0.944		0.979		0.979		0.986		0.987

		Beamsplitter Transmit (Sample)										0		0		0.93		0.96		0.965

		Air-Glass (1.0-2.5 micron optimized)										0		0		0.991		0.987		0.989

		Reflection (0.4-1 micron optimized)										0.944		0.979		0.979

		Beamsplitter reflect (Sample)										0.99		0.995

		Air-Glass (0.4-1 micron optimized)										0.9925		0.996		0.9975

		Assumed Emissivity (Wavelength microns)																		2.2

		Reflection (0.4-2.5 micron optimized)																		0.013

		Air-Glass (0.4-2.5 micron optimized)																		0.011

		Reflection values from Gillett 7.7.97 for protected AG (ACT coating)

		assumed same coating for WFS which is pessimistic for optical

		Beamsplitter data from sample (Jim Stilburn)

		Optical Air-Glass from Fletcher/Jennings Sol-gel+MgF2 coating,

		IR Air-Glass from BS AR coating

		Science Path Throughput

		Element		Reflection		Air-Glass						TP(0.5)		TP(0.7)		TP(1.0)		TP(1.65)		TP(2.2)

		M1		1								0.944		0.979		0.979		0.986		0.987

		M2		1								0.944		0.979		0.979		0.986		0.987

		AO Fold		1								0.944		0.979		0.979		0.986		0.987

		Collimator		1								0.944		0.979		0.979		0.986		0.987

		DM		1								0.944		0.979		0.979		0.986		0.987

		TT		1								0.944		0.979		0.979		0.986		0.987

		BS**				1						0		0		0.93		0.96		0.965

		ADC				4						0		0		0.9644830906		0.9490052406		0.9567206906

		Convex		1								0.944		0.979		0.979		0.986		0.987

		Camera		1								0.944		0.979		0.979		0.986		0.987

		Sci. Fold		1								0.944		0.979		0.979		0.986		0.987

		Totals		9		5						0		0		0.7410061164		0.8024760472		0.8206667798

		**BS special case

		Have kept science throughput for 0.5 and 0.7 in case of alternative beamsplitter choices

		Wavefront Sensor Path Throughput

		Element		Reflection		Air-Glass						TP(0.5)		TP(0.7)		TP(1.0)

		M1		1								0.944		0.979		0.979

		M2		1								0.944		0.979		0.979

		AO Fold		1								0.944		0.979		0.979

		Collimator		1								0.944		0.979		0.979

		DM		1								0.944		0.979		0.979

		TT		1								0.944		0.979		0.979

		BS**		1								0.99		0.995		0

		WM1		1								0.944		0.979		0.979

		WM2		1								0.944		0.979		0.979

		Field Lens				2						0.98505625		0.992016		0.99500625

		Flat		1								0.944		0.979		0.979

		Coll.Lens				6						0.9558353598		0.9762387238		0.9850934381

		Gimball		1								0.944		0.979		0.979

		ADC				4						0.9703358157		0.9840957443		0.9900374375

		Camera				6						0.9558353598		0.9762387238		0.9850934381

		WF2/3				6						0.9558353598		0.9762387238		0.9850934381

		Lenslets				2						0.98505625		0.992016		0.99500625

		Totals		11		26						0.4574551686		0.7250914728		0

		**BS special case

		Have kept WFS throughput for 1.0 in case of alternative beamsplitter choices

		Science Path Emissivity

		Element		Reflection		Air-Glass														Em(2.2)

		M1		1																0.013

		M2		1																0.013

		AO Fold		1																0.013

		Collimator		1																0.013

		DM		1																0.013

		TT		1																0.013

		BS				2														0.022

		ADC				4														0.044

		Convex		1																0.013

		Camera		1																0.013

		Sci. Fold		1																0.013

		Totals		9		6														0.183

		Science Path Emissivity (no ADC)

		Element		Reflection		Air-Glass														Em(2.2)

		M1		1																0.013

		M2		1																0.013

		AO Fold		1																0.013

		Collimator		1																0.013

		DM		1																0.013

		TT		1																0.013

		BS				2														0.022

		Convex		1																0.013

		Camera		1																0.013

		Sci. Fold		1																0.013

		Totals		9		2														0.139
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Sheet1

		Throughput and Emissivity Budgets for GAOS

		Simon L. Morris 17.9.97 DAO/HIA/NRC

		Assumed Throughputs (Wavelength microns)										0.5		0.7		1		1.65		2.2

		Reflection (0.4-2.5 micron optimized)										0.944		0.979		0.979		0.986		0.987

		Beamsplitter Transmit (Sample)										0		0		0.93		0.96		0.965

		Air-Glass (1.0-2.5 micron optimized)										0		0		0.991		0.987		0.989

		Reflection (0.4-1 micron optimized)										0.944		0.979		0.979

		Beamsplitter reflect (Sample)										0.99		0.995

		Air-Glass (0.4-1 micron optimized)										0.9925		0.996		0.9975

		Assumed Emissivity (Wavelength microns)																		2.2

		Reflection (0.4-2.5 micron optimized)																		0.013

		Air-Glass (0.4-2.5 micron optimized)																		0.011

		Reflection values from Gillett 7.7.97 for protected AG (ACT coating)

		assumed same coating for WFS which is pessimistic for optical

		Beamsplitter data from sample (Jim Stilburn)

		Optical Air-Glass from Fletcher/Jennings Sol-gel+MgF2 coating,

		IR Air-Glass from BS AR coating

		Science Path Throughput

		Element		Reflection		Air-Glass						TP(0.5)		TP(0.7)		TP(1.0)		TP(1.65)		TP(2.2)

		M1		1								0.944		0.979		0.979		0.986		0.987

		M2		1								0.944		0.979		0.979		0.986		0.987

		AO Fold		1								0.944		0.979		0.979		0.986		0.987

		Collimator		1								0.944		0.979		0.979		0.986		0.987

		DM		1								0.944		0.979		0.979		0.986		0.987

		TT		1								0.944		0.979		0.979		0.986		0.987

		BS**				1						0		0		0.93		0.96		0.965

		ADC				4						0		0		0.9644830906		0.9490052406		0.9567206906

		Convex		1								0.944		0.979		0.979		0.986		0.987

		Camera		1								0.944		0.979		0.979		0.986		0.987

		Sci. Fold		1								0.944		0.979		0.979		0.986		0.987

		Totals		9		5						0		0		0.7410061164		0.8024760472		0.8206667798

		**BS special case

		Have kept science throughput for 0.5 and 0.7 in case of alternative beamsplitter choices

		Wavefront Sensor Path Throughput

		Element		Reflection		Air-Glass						TP(0.5)		TP(0.7)		TP(1.0)

		M1		1								0.944		0.979		0.979

		M2		1								0.944		0.979		0.979

		AO Fold		1								0.944		0.979		0.979

		Collimator		1								0.944		0.979		0.979

		DM		1								0.944		0.979		0.979

		TT		1								0.944		0.979		0.979

		BS**		1								0.99		0.995		0

		WM1		1								0.944		0.979		0.979

		WM2		1								0.944		0.979		0.979

		Field Lens				2						0.98505625		0.992016		0.99500625

		Flat		1								0.944		0.979		0.979

		Coll.Lens				6						0.9558353598		0.9762387238		0.9850934381

		Gimball		1								0.944		0.979		0.979

		ADC				4						0.9703358157		0.9840957443		0.9900374375

		Camera				6						0.9558353598		0.9762387238		0.9850934381

		WF2/3				6						0.9558353598		0.9762387238		0.9850934381

		Lenslets				2						0.98505625		0.992016		0.99500625

		Totals		11		26						0.4574551686		0.7250914728		0

		**BS special case

		Have kept WFS throughput for 1.0 in case of alternative beamsplitter choices

		Science Path Emissivity

		Element		Reflection		Air-Glass														Em(2.2)

		M1		1																0.013

		M2		1																0.013

		AO Fold		1																0.013

		Collimator		1																0.013

		DM		1																0.013

		TT		1																0.013

		BS				2														0.022

		ADC				4														0.044

		Convex		1																0.013

		Camera		1																0.013

		Sci. Fold		1																0.013

		Totals		9		6														0.183

		Science Path Emissivity (no ADC)

		Element		Reflection		Air-Glass														Em(2.2)

		M1		1																0.013

		M2		1																0.013

		AO Fold		1																0.013

		Collimator		1																0.013

		DM		1																0.013

		TT		1																0.013

		BS				2														0.022

		Convex		1																0.013

		Camera		1																0.013

		Sci. Fold		1																0.013

		Totals		9		2														0.139






