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SPECTROSCOPIC EXPOSURES TIMES FOR SN TYPE IA OBSERVED WITH THE NEXT GENERATION SPACE TELESCOPE - NGST:
A COMPARISON WITH ESTIMATED  TIMES WITH SNAP. V3.0

A Memo prepared by 
Jay A. Frogel for the SNAP project
at the Lawrence Berkeley National Laboratory
5 February 2002

This memo supercedes all previous versions.

Main conclusions:

· For a signal-to-noise ratio of 15 and a spectral resolution of 100 per pixel, for NGST to observe the ~800 type Ia supernovae required by the SNAP project between z=0.7 and 1.7 would require about 800 hours of open shutter time on NGST based on the NGST Exposure Time Calculator (ETC).  If a spectral resolution of 300 per pixel is required, the total open shutter time goes up to nearly 5000 hours.  For a S/N ratio of 10, these times are halved.  About 90% of the total time is used for SN with Z SYMBOL 179 \f "Symbol" 1.1.

· Calculations of NGST exposure times with my ETC give time estimates that are about a factor of 4 lower than those from the NGST ETC.  This difference appears to arise from differences in assumptions.  My time estimates appear to be a reasonable approximation for the SNAP experiment.  This implies that the total open shutter times required by NGST to observe all the SN required by SNAP would get reduced by this factor to 200 and 1200 hours for spectral resolutions of 100 and 300 per pixel, respectively.

· For the higher redshift SN, i.e. for Z SYMBOL 179 \f "Symbol" 1.2, the SNAP telescope would require about 10 times longer exposures that NGST at the same spectral resolution and signal to noise.

· It seems likely that in order to accomplish the spectroscopic observational goals of the SNAP project some combination of SNAP and NGST would be most appropriate.  The details of the division would be driven by the S to N and resolution requirements that are finally decided upon.

1.
Calculations of exposure times with the NGST Exposure Time Calculator (ETC):

These exposure time estimates for NGST and the operational parameters are directly from the NGST Exposure Time Calculator (ETC) on the WWW.  My calculations assume a point source with no contribution from a background galaxy.  

The operational parameters of NGST are as follows:

· Pixel spatial scale is 0.10 arcsec/pix.

· The lowest spectral resolution is 100 per pixel or 0.01 microns/pix at 1.0 microns.  NOTE:  The NGST ETC gives resolution per pixel rather than the normal usage of two pixels – see my discussion of Nyquist sampling in my memo on SNAP spectroscopic exposure time estimates.

· Maximum integration time allowed with the ETC is 1000 seconds because of the need for cosmic ray (CR) splits, i.e. in single exposures of length greater than 1000 seconds the number of pixels affected by CRs will be large – by taking multiple exposures the CRs can, be filtered out.

· Readout noise /pix = 7.0 (read current=49) 

· Dark is 0.05 electrons /pix,

· The QE of the detector is ~0.5 from 0.7 to 1.7 microns.

· The mean transmission of the spectrograph is 0.58 - Thus the throughput the system is ~0.29, close to that estimated for SNAP.  It is approximately constant from 0.7 to 1.7 microns which means that type Ia SN can be observed over the desired rest frame wavelength range from a z of about 0.7 out to at least 1.7.

· The ETC used Npix = 4, i.e. two pixels in the spatial and spectral dimension are integrated over.  

1.A.  The Si II Feature

The Si II feature occurs at 1.62 SYMBOL 109 \f "Symbol"m  for a z=1.7.  The First Table below  gives the integration times in hours  required for one SN at spectral resolutions of 100 & 300 per pixel for a S to N ratio of 15 at the ( of the Si II feature for the redshifts Z listed in the column 1.  These are all for a SN at maximum light.  Column 2 gives the total number of SN in the 0.1 wide red-shift bin for which spectroscopic observations are required to achieve the stated goals of the SNAP project. Column 3 gives the observed maximum light AB magnitudes at the wavelengths in column 4 which are those at which the Si II feature occurs for the value of Z in col. 1.  The other columns give brightness of the supernovae in nano-Janskys and in counts per pixel per exposure (cpe) at the indicated (, the Zodiacal background, and the detector dark current, also in cpe. For S to N ratios of 10 all of the exposure times in the table are reduced by a bit over a factor of two.  The calculated exposure times per SN are plotted against Z in the figures underneath the table.  The second of these figure is just an expansion of the results for a resolution of 100 per pixel.

1.B.  The Peak Flux of the SN

The peak flux of a SN Ia occurs close to 1.14 SYMBOL 109 \f "Symbol"m  at a redshift of 1.7.  The Table 2 below gives the exposure times in hours required for one SN at spectral resolutions of  100 and 300 per pixel for a S to N ratio of 15 at the ( of the peak flux for the redshifts given in the column 1.  These calculations are for a SN at maximum light, i.e. at the same time in its evolution as the Si II integration times in the first table. Column 2 gives the total number of SN in the 0.1 wide Z bin for which spectroscopic observations are required to achieve the stated goals of the SNAP project. The col. 3 gives the observed maximum light AB magnitudes at the lambdas in column 4 - those at which the peak flux occurs for the Z values in the col. 1.  The other columns give brightness of the supernovae in nano-Janskys and in counts per pixel per exposure (cpe) at the peak of the spectral energy distribution, the Zodiacal background and the detector dark current, also in cpe.  For S to N ratios of 10 all of the exposure times are reduced by a bit over a factor of two.  The calculated exposure times per SN are plotted against Z in the figures underneath the table.  The second of these figures is just an expansion of the results for a resolution of 100 per pixel.

Conclusion 1:  First, note that at either of the spectral resolutions investigated here, the entire spectral region of interest can be observed simultaneously.  Inspection of the two tables shows that for a resolution of 100 per pixel (50 true resolution i.e. per two pixels – the definition used in my SNAP memos) and a S to N of 15 over 4 pixels (two in the spatial direction, two in the dispersion direction) NGST exposure times for either the Si II feature or the peak of the SN spectrum at maximum light are all well under one hour for all values of Z out to and including 1.7.  For a  resolution of 300 per pixel (150 true) the exposure times can get as long as 5 hours per SN for a S to N ration of 15, still a reasonable time.  As noted above, all of these exposure times are cut in half if the S to N requirement is reduced from 15 to 10 per resolution element (a 2 x 2 pixel box). NOTE:  These estimates do not take into account additional uncertainties to be expected from the underlying host galaxy.

2.   A comparison of NGST ETC exposure times with those predicted for SNAP from my SNAP ETC: 

I will take the simple set up I have for estimating SNAP exposure times and use it to calculate NGST exposure times given the NGST baseline parameters listed at the beginning of this memo.  For a SN at maximum light at a Z of 1.7, my ETC gives about 0.15 hours for both the Si II feature and the peak of the SN spectrum for NGST.  These are for a resolution of 100 per pixel (i.e. a true resolution of 50) and a S/N of 15 over 4 pixels – two in the spectral and two in the spatial direction.  These are to be compared with 0.7 and 0.8 hours for the Si II feature and the peak of the SN spectrum, respectively, from the NGST-ETC.  The difference of about a factor of 4 – the NGST ETC values are longer by this factor - can probably be explained by:  a) the manner in which the NGST ETC calculates the background contribution to the noise which effectively doubles the number of pixels which contribute to the noise compared with that calculated by the SNAP ETC, and, b) the S/N calculated by the NGST-ETC appears to be for only one pixel in the dispersion direction, corresponding to the fact that the “resolution” as used by the NGST-ETC is per pixel.  When these two factors are taken into account, the exposure times calculated by my SNAP-ETC are close to 0.8 hours for both test cases, essentially identical to that given by the NGST-ETC.  The details of the changes are somewhat complex since both the signal and the noise currents are changing significantly.  If the effective S/N in a given exposure time is halved, than the exposure time required to reach a predetermined S/N level is quadrupled.

Conclusion 2:  The exposure times calculated for SNAP with my ETC are good estimates given the assumptions that were used and are consistent with what would be expected based on scaling from NGST when differences in the ETCs are allowed for.  An important proviso is the treatment of background.  If the SNAP ETC is too optimistic in claiming that the background can be very well determined, then the exposure times calculated for SNAP will go up significantly.  I note, though, that Gary Bernstein’s time estimates for SNAP are consistent with mine.

If we directly compare exposure times for SNAP calculated with my SNAP ETC with exposure times for NGST calculated with the NGST ETC at the same resolution, S to N, and wavelength for z between 0.7 and 1.7, the SNAP exposure times are about twice as long as the NGST exposure times.  However, if we reduce the NGST ETC times by a factor of 4 to allow for the differences discussed above, we find that SNAP exposures are 8 to 10 times longer than NGST exposures.  This is about what you would intuitively expect given the difference in telescope parameters and the importance of dark and read noise sources
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 3.  Total time Required for Spectroscopic Observations of SN of type Ia with NGST
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In the SNAP proposal are estimates for how many SN of type Ia must be observed spectroscopically in each red shift bin which is 0.1 wide in Z space in order to fulfill the program requirements for determination of cosmological parameters.  These numbers are given in the second column of the above tables (they are identical for the two tables).  We then calculate the total amount of NGST exposure time required to observe all of the SN in each red shift bin.  These numbers are given in the columns labeled “Total Time” in the above tables.  If all of the SN in the indicated red shift ranges were observed with NGST, the sum total of the exposure times are given at the bottoms of the two tables.  It is important to bear in mind that these exposure times are from the NGST ETC.  If the assumptions made for the SNAP ETC are deemed to be more appropriate, than these total times will be reduced by about a factor of 4.

If NGST is used at all, its greatest value will be for the most distant SN – those in the largest red shift bins.  The graphs on this page illustrate how the cumulative exposure time required increases as one starts out with the highest red shift bin (z=1.7) and steadily includes the lower and lower redshift bins.

Conclusion 3:  A) For all test cases, about 90% of the total exposure time required by NGST is taken up by observations of SN in the red shift bins from Z= 1.1 – 1.2 out to z = 1.7.  B)  If the requirement can be met with observations having spectral resolution of 100 per pixel, then the total amount of exposure time required for observations of all SN at Z = 0.7 or 0.9 is well under 1000 hours (~250 hours with the different set of assumptions).  This amount of time is probably consistent with one of the goals of the NGST project to facilitate research programs of considerable importance that will require significant amounts of telescope time.  Finally, note that these Exposure times give how much open shutter time is required to obtain the observations.  These times do not include time required to slew from one object to another or additional set-up requirements time.  

As we have shown earlier, at the high redshift end of the SN observations, NGST at the same resolution as SNAP is about an order of magnitude more efficient in terms of exposure (open shutter) time.  Once the scientific requirements for SNAP and the SN observations become more sharply defined, it may be turn out that a combination of SNAP and NGST is the most efficient way to obtain all of the needed data. 
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SNAP ETC

		History:

		Originally done by JAF at SNOWMASS, 2001.

		28 Sept. 2001 - revisons by JAF

		These numbers (col. B) are from Alex Kim.  They are Vega magnitudes

		(not AB) of the SiII feature (roughly the shoulder) in type Ia SN.

		Z = redshift

		lambda = observed wavelength at a Z given by col. 1.

		mag (Vega) is the observed magnitude at the lambda of observation.

		The last 4 lines of col C are the IJHK filter centers.  Col. D gives the AB-Vega magnitude

		diference calculated from the NGST web page for these 4 filters.  The graph to the right shows the linear fit

		between these deltas and the wavelength.  Col. E. gives the delta values calcualted from the lienar fit.

		Col. F. gives the AB magnitudes from cols. B and E.

		Col. G gives the photon flux calculated from the AB mags and the NICMOS web page

		The numbers in Col H. are also from Alex.  These are Vega magnitudes (not AB) at the

		peak of the energy distribution when the SN is at max light at the OBSERVED wavelengths

		given in col I as a function of Z in col A.

		Col. J is the difference between the AB and Vega mags as a function of lambda.

		Col. K are the AB mags, and col L give the photon fluxes calculated from the AB mags

		and the NICMOS web page.  These photon fluxes are in closer (5%) agreement with

		numbers calcualted independently by Alex.

				mag		lambda		AB-Vega		AB-Vega				photons/

		Z		(Vega)				fm. NICMOS		fm. fit				cm^2/sec/		Vega mag		lambda		AB-Vega

														Ang						fm. fit

		0.10		18.69		6611								at peak		19.17		4625		0.20

		0.20		20.19		7212										20.45		5046		0.24

		0.30		21.00		7813										21.27		5466		0.28

		0.40		21.55		8414				0.58						21.85		5887		0.32

		0.50		21.96		9015				0.64						22.28		6307		0.37

		0.60		22.47		9616				0.70						22.86		6728		0.41

		0.70		22.74		10217		1.02		0.77		23.51		2.17E-07		22.88		7148		0.45

		0.80		22.94		10818		1.08		0.83		23.77		1.62E-07		22.98		7569		0.50

		0.90		23.11		11419		1.14		0.89		24.00		1.24E-07		23.29		7989		0.54		23.83		2.07E-07

		1.00		23.26		12020		1.20		0.95		24.21		9.70E-08		23.45		8410		0.58		24.03		1.64E-07

		1.10		23.37		12621		1.26		1.01		24.38		7.90E-08		23.48		8830		0.62		24.10		1.46E-07

		1.20		23.48		13222		1.32		1.07		24.55		6.76E-08		23.75		9251		0.67		24.42		1.04E-07

		1.30		23.57		13823		1.38		1.13		24.70		5.37E-08		24.26		9671		0.71		24.97		5.99E-08

		1.40		23.65		14424		1.44		1.19		24.85		4.48E-08		24.02		10092		0.75		24.77		6.90E-08

		1.50		23.73		15025		1.50		1.26		24.99		3.78E-08		24.19		10512		0.80		24.98		5.46E-08

		1.60		23.80		15626		1.56		1.32		25.12		3.23E-08		23.95		10933		0.84		24.79		6.25E-08

		1.70		23.86		16227		1.62		1.38		25.24		2.78E-08		24.31		11353		0.88		25.20		4.13E-08

						2.20		1.96		1.97

						1.65		1.42		1.41

						1.25		0.99		1.00

						0.80		0.54		0.54

				Constants used below

				Changes to the IR... Values

				will be reflected in the

				calculations

				C_		3.00E+10				cm/sec

				H_		6.63E-27				erg sec

				IRdark1		1.60E-02				e/pix/sec

				IRread1		4.00E+00				/pix

				IRdark2		1.60E-02				e/pix/sec

				IRread2		4.00E+00				/pix

				OTA		0.05				e/pix/sec

																						SN		SN: photons

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				cm^2/sec/		/sec/pix

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/		Vega mag		Ang

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)		at lambda		at peak

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		150.00		37		31400		0.014		0.35		5803		1.81E-12		9.12E-19		2.93E-03		24.25		5.38E-08		2.17E-02

		1.65		150.00		55		31400		0.014		0.35		8704		1.21E-12		3.76E-19		2.71E-03		23.87		2.54E-08		1.54E-02

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		100.00		55		282600		0.010		0.28		43520		1.81E-12		9.12E-19		2.20E-02		24.25		5.38E-08		2.34E-01		NGST values

		1.65		100.00		83		282600		0.010		0.28		65281		1.21E-12		3.76E-19		2.04E-02		23.87		2.54E-08		1.66E-01		NGST values

				Note:  In spectroscopic mode, SN flux has Npix=2, not 4 since in spatial direction you are

				just spreading the flux over two pixels per pixel in dispersion direction

																								Time needed to achieve

										Sources of Noise "current" in 2x2 pixels:														the listed S/N per

		Int																						resolution element (I.e. 2x2 pixels)

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

												These two use IRread1 & IRdark1 and the numbers on rows 70 and 71

																								(hours)		(hours)

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 72 and 73

		2000		1.10		4		2		87		64.0		128.0		23.4		17		8.67E+01		4.99		2.23		5.02

		2000		1.65		4		2		61		64.0		128.0		21.7		17		6.14E+01		3.70		4.05		9.12

												These two use IRread1 & IRdark2 and the numbers on rows  74 and 75

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 76 and 77

		1000		1.10		4		2		468		64.0		64.0		87.8		26		4.68E+02		17.90		0.09		0.19

		1000		1.65		4		2		332		64.0		64.0		81.4		23		3.32E+02		14.26		0.14		0.31

												For the Si II Feature:

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		1.02		75.00		68		31400		0.014		0.35		10779		1.95E-12		1.03E-18		5.73E-03				2.17E-07		1.62E-01		0.70

		1.08		75.00		72		31400		0.014		0.35		11413		1.84E-12		9.39E-19		5.83E-03				1.62E-07		1.28E-01		0.80

		1.14		75.00		76		31400		0.014		0.35		12048		1.74E-12		8.52E-19		5.90E-03				1.24E-07		1.04E-01		0.90

		1.20		75.00		80		31400		0.014		0.35		12682		1.65E-12		7.74E-19		5.93E-03				9.70E-08		8.54E-02		1.00

		1.26		75.00		84		31400		0.014		0.35		13316		1.58E-12		7.02E-19		5.93E-03				7.90E-08		7.31E-02		1.10

		1.32		75.00		88		31400		0.014		0.35		13950		1.50E-12		6.37E-19		5.91E-03				6.76E-08		6.55E-02		1.20

		1.38		75.00		92		31400		0.014		0.35		14584		1.44E-12		5.79E-19		5.86E-03				5.37E-08		5.44E-02		1.30

		1.44		75.00		96		31400		0.014		0.35		15218		1.38E-12		5.25E-19		5.80E-03				4.48E-08		4.73E-02		1.40

		1.50		75.00		100		31400		0.014		0.35		15852		1.32E-12		4.77E-19		5.71E-03				3.78E-08		4.16E-02		1.50

		1.56		75.00		104		31400		0.014		0.35		16486		1.27E-12		4.33E-19		5.60E-03				3.23E-08		3.70E-02		1.60

		1.62		75.00		108		31400		0.014		0.35		17120		1.23E-12		3.93E-19		5.49E-03				2.78E-08		3.31E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 110 to 120

										Sources of Noise "current" in 2x2 pixels:																Time needed to achieve

		Int																								the listed S/N per

		time				N(pix)		N(pix)								background				TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		OTA		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		1.02		4		2		325		64.0		64.0		200		22.9		26		3.25E+02		12.50		0.18		0.40		0.28

		1000		1.08		4		2		257		64.0		64.0		200		23.3		25		2.57E+02		10.41		0.26		0.58		0.39

		1000		1.14		4		2		207		64.0		64.0		200		23.6		24		2.07E+02		8.78		0.36		0.81		0.52

		1000		1.20		4		2		171		64.0		64.0		200		23.7		23		1.71E+02		7.47		0.50		1.12		0.69

		1000		1.26		4		2		146		64.0		64.0		200		23.7		22		1.46E+02		6.55		0.65		1.46		0.87

		1000		1.32		4		2		131		64.0		64.0		200		23.6		22		1.31E+02		5.96		0.78		1.76		1.03

		1000		1.38		4		2		109		64.0		64.0		200		23.5		21		1.09E+02		5.07		1.08		2.43		1.37

		1000		1.44		4		2		95		64.0		64.0		200		23.2		21		9.47E+01		4.48		1.38		3.11		1.71

		1000		1.50		4		2		83		64.0		64.0		200		22.8		21		8.32E+01		3.99		1.74		3.92		2.11

		1000		1.56		4		2		74		64.0		64.0		200		22.4		21		7.40E+01		3.59		2.16		4.85		2.56

		1000		1.62		4		2		66		64.0		64.0		200		21.9		20		6.61E+01		3.24		2.64		5.95		3.09

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.70		1.02				0.13		0.28				0.32		0.72				0.48		1.09				0.91		2.04

		0.80		1.08				0.17		0.39				0.45		1.02				0.70		1.57				1.33		3.00

		0.90		1.14				0.23		0.52				0.63		1.41				0.98		2.22				1.92		4.32

		1.00		1.20				0.31		0.69				0.86		1.93				1.36		3.06				2.69		6.05

		1.10		1.26				0.39		0.87				1.11		2.49				1.77		3.99				3.55		7.99

		1.20		1.32				0.46		1.03				1.33		2.99				2.14		4.82				4.32		9.72

		1.30		1.38				0.61		1.37				1.82		4.10				2.96		6.67				6.05		13.61

		1.40		1.44				0.76		1.71				2.32		5.21				3.79		8.54				7.81		17.56

		1.50		1.50				0.94		2.11				2.90		6.53				4.78		10.77				9.92		22.31

		1.60		1.56				1.14		2.56				3.58		8.05				5.93		13.34				12.36		27.81

		1.70		1.62				1.37		3.09				4.37		9.84				7.28		16.38				15.26		34.33

												For the Peak SN Flux at Maximum Light

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		0.80		75.00		53		31400		0.014		0.35		8429		2.49E-12		1.48E-18		5.02E-03				2.07E-07		1.21E-01		0.90

		0.84		75.00		56		31400		0.014		0.35		8873		2.37E-12		1.38E-18		5.19E-03				1.64E-07		1.01E-01		1.00

		0.88		75.00		59		31400		0.014		0.35		9316		2.25E-12		1.29E-18		5.35E-03				1.46E-07		9.45E-02		1.10

		0.93		75.00		62		31400		0.014		0.35		9760		2.15E-12		1.21E-18		5.49E-03				1.04E-07		7.05E-02		1.20

		0.97		75.00		64		31400		0.014		0.35		10203		2.06E-12		1.13E-18		5.61E-03				5.99E-08		4.24E-02		1.30

		1.01		75.00		67		31400		0.014		0.35		10647		1.97E-12		1.06E-18		5.70E-03				6.90E-08		5.10E-02		1.40

		1.05		75.00		70		31400		0.014		0.35		11091		1.89E-12		9.87E-19		5.78E-03				5.46E-08		4.21E-02		1.50

		1.09		75.00		73		31400		0.014		0.35		11535		1.82E-12		9.22E-19		5.85E-03				6.25E-08		5.01E-02		1.60

		1.14		75.00		76		31400		0.014		0.35		11978		1.75E-12		8.62E-19		5.89E-03				4.13E-08		3.44E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 165 to 173

										Sources of Noise "current" in 2x2 pixels:														Time needed to achieve

		Int																						the listed S/N per

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		0.80		4		2		242		64.0		64.0		20.1		20		2.42E+02		12.26		0.18		0.42

		1000		0.84		4		2		202		64.0		64.0		20.8		19		2.02E+02		10.79		0.24		0.54

		1000		0.88		4		2		189		64.0		64.0		21.4		18		1.89E+02		10.27		0.26		0.59

		1000		0.93		4		2		141		64.0		64.0		22.0		17		1.41E+02		8.27		0.41		0.91

		1000		0.97		4		2		85		64.0		64.0		22.4		15		8.49E+01		5.53		0.91		2.04

		1000		1.01		4		2		102		64.0		64.0		22.8		16		1.02E+02		6.42		0.67		1.52

		1000		1.05		4		2		84		64.0		64.0		23.1		15		8.41E+01		5.48		0.92		2.08

		1000		1.09		4		2		100		64.0		64.0		23.4		16		1.00E+02		6.31		0.70		1.57

		1000		1.14		4		2		69		64.0		64.0		23.6		15		6.87E+01		4.63		1.30		2.92

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.90		0.80				0.18		0.42				0.49		1.10				0.76		1.71				1.47		3.30

		1.00		0.84				0.24		0.54				0.65		1.47				1.02		2.30				2.00		4.50

		1.10		0.88				0.26		0.59				0.73		1.63				1.15		2.58				2.25		5.06

		1.20		0.93				0.41		0.91				1.17		2.63				1.88		4.23				3.77		8.49

		1.30		0.97				0.91		2.04				2.80		6.30				4.61		10.38				9.55		21.49

		1.40		1.01				0.67		1.52				2.03		4.57				3.32		7.46				6.80		15.29

		1.50		1.05				0.92		2.08				2.85		6.42				4.70		10.57				9.73		21.89

		1.60		1.09				0.70		1.57				2.10		4.73				3.43		7.73				7.04		15.85

		1.70		1.14				1.30		2.92				4.10		9.22				6.80		15.31				14.22		32.00

						Note:  Increasing the individual integration time from 1000 to 2000 seconds only yields a 20% reduction

						in exposure time for the longest exposures.
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NGST-ETC-SiII

		

		(10/17/2001) These are results from the NGST ETC for SN type Ia - the Si II feature.

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		15		100		0.72		2.91E+02		1.54E+02		5.03E+01		1.30E+02		3		4.50E+00		6.06E+00

		1.6		25.12		1.56		15		100		0.61		3.25E+02		1.45E+02		4.28E+01		1.10E+02		3		4.40E+00		5.12E+00

		1.5		24.99		1.50		15		100		0.51		3.66E+02		1.36E+02		3.60E+01		9.20E+01		2		4.40E+00		4.28E+00

		1.4		24.85		1.44		15		100		0.42		4.17E+02		1.27E+02		3.02E+01		7.60E+01		2		4.40E+00		3.55E+00

		1.3		24.70		1.38		15		100		0.35		4.79E+02		1.18E+02		2.50E+01		6.20E+01		2		4.40E+00		2.91E+00

		1.2		24.55		1.32		15		100		0.29		5.50E+02		1.10E+02		2.09E+01		5.10E+01		2		4.40E+00		2.41E+00

		1.1		24.38		1.26		15		100		0.23		6.43E+02		1.03E+02		1.71E+01		4.10E+01		1		4.40E+00		1.95E+00

		1.0		24.21		1.20		15		100		0.19		7.52E+02		9.58E+01		1.41E+01		3.30E+01		1		4.40E+00		1.58E+00

		0.9		24.00		1.14		15		100		0.14		9.12E+02		8.84E+01		1.10E+01		2.60E+01		1		4.40E+00		1.23E+00

		0.8		23.77		1.08		15		100		0.11		1.13E+03		8.16E+01		8.45E+00		1.90E+01		1		4.40E+00		9.39E-01

		0.7		23.51		1.02		15		100		0.08		1.43E+03		7.51E+01		6.27E+00		1.40E+01		1		4.40E+00		6.97E-01

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		10		100		0.32		2.91E+02		6.84E+01		2.23E+01		5.80E+01		2		4.50E+00		2.69E+00

		1.6		25.12		1.56		10		100		0.27		3.25E+02		6.44E+01		1.90E+01		4.90E+01		1		4.40E+00		2.28E+00

		1.5		24.99		1.50		10		100		0.23		3.66E+02		6.04E+01		1.60E+01		4.10E+01		1		4.40E+00		1.90E+00

		1.4		24.85		1.44		10		100		0.19		4.17E+02		5.63E+01		1.34E+01		3.40E+01		1		4.40E+00		1.58E+00

		1.3		24.70		1.38		10		100		0.15		4.79E+02		5.24E+01		1.11E+01		2.80E+01		1		4.40E+00		1.29E+00

		1.2		24.55		1.32		10		100		0.13		5.50E+02		4.90E+01		9.28E+00		2.30E+01		1		4.40E+00		1.07E+00

		1.1		24.38		1.26		10		100		0.10		6.43E+02		4.56E+01		7.60E+00		1.80E+01		1		4.40E+00		8.65E-01

		1.0		24.21		1.20		10		100		0.08		7.52E+02		4.26E+01		6.26E+00		1.50E+01		1		4.40E+00		7.04E-01

		0.9		24.00		1.14		10		100		0.06		9.12E+02		3.93E+01		4.90E+00		1.10E+01		1		4.40E+00		5.46E-01

		0.8		23.77		1.08		10		100		0.05		1.13E+03		3.63E+01		3.75E+00		8.60E+00		1		4.40E+00		4.17E-01

		0.7		23.51		1.02		10		100		0.04		1.43E+03		3.34E+01		2.79E+00		6.40E+00		1		4.40E+00		3.10E-01

		1.7		25.24		1.62		15		300		4.54		2.91E+02		3.24E+02		1.06E+02		8.20E+02		17		4.50E+00		1.28E+01

		1.6		25.12		1.56		15		300		3.77		3.25E+02		2.99E+02		8.84E+01		6.80E+02		14		4.40E+00		1.06E+01

		1.5		24.99		1.50		15		300		3.08		3.66E+02		2.74E+02		7.28E+01		5.60E+02		12		4.40E+00		8.64E+00

		1.4		24.85		1.44		15		300		2.49		4.17E+02		2.50E+02		5.95E+01		4.50E+02		9		4.40E+00		6.99E+00

		1.3		24.70		1.38		15		300		1.99		4.79E+02		2.26E+02		4.80E+01		3.60E+02		8		4.40E+00		5.59E+00

		1.2		24.55		1.32		15		300		1.60		5.50E+02		2.06E+02		3.90E+01		2.90E+02		6		4.40E+00		4.49E+00

		1.1		24.38		1.26		15		300		1.24		6.43E+02		1.85E+02		3.09E+01		2.20E+02		5		4.40E+00		3.52E+00

		1.0		24.21		1.20		15		300		0.97		7.52E+02		1.67E+02		2.46E+01		1.70E+02		4		4.40E+00		2.77E+00

		0.9		24.00		1.14		15		300		0.72		9.12E+02		1.48E+02		1.85E+01		1.30E+02		3		4.40E+00		2.06E+00

		0.8		23.77		1.08		15		300		0.52		1.13E+03		1.30E+02		1.35E+01		9.30E+01		2		4.40E+00		1.50E+00

		0.7		23.51		1.02		15		300		0.36		1.43E+03		1.14E+02		9.52E+00		6.50E+01		2		4.40E+00		1.06E+00

		1.7		25.24		1.62		10		300		2.02		2.91E+02		1.44E+02		4.70E+01		3.60E+02		8		4.50E+00		5.67E+00

		1.6		25.12		1.56		10		300		1.68		3.25E+02		1.33E+02		3.93E+01		3.00E+02		7		4.40E+00		4.70E+00

		1.5		24.99		1.50		10		300		1.37		3.66E+02		1.22E+02		3.24E+01		2.50E+02		5		4.40E+00		3.84E+00

		1.4		24.85		1.44		10		300		1.11		4.17E+02		1.11E+02		2.64E+01		2.00E+02		4		4.40E+00		3.11E+00

		1.3		24.70		1.38		10		300		0.88		4.79E+02		1.01E+02		2.13E+01		1.60E+02		4		4.40E+00		2.48E+00

		1.2		24.55		1.32		10		300		0.71		5.50E+02		9.16E+01		1.73E+01		1.30E+02		3		4.40E+00		2.00E+00

		1.1		24.38		1.26		10		300		0.55		6.43E+02		8.24E+01		1.37E+01		9.90E+01		2		4.40E+00		1.56E+00

		1.0		24.21		1.20		10		300		0.43		7.52E+02		7.44E+01		1.09E+01		7.80E+01		2		4.40E+00		1.23E+00

		0.9		24.00		1.14		10		300		0.32		9.12E+02		6.59E+01		8.21E+00		5.70E+01		2		4.40E+00		9.16E-01

		0.8		23.77		1.08		10		300		0.23		1.13E+03		5.80E+01		6.00E+00		4.10E+01		1		4.40E+00		6.67E-01

		0.7		23.51		1.02		10		300		0.16		1.43E+03		5.07E+01		4.23E+00		2.90E+01		1		4.40E+00		4.70E-01
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		(10/17/2001) These are results from the NGST ETC for SN type Ia - the peak of the energy distribution

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

				Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Self_Emn		Dark		N_Sp		N_Bk

		Z		(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)		(c/pix/e

		0.9		23.83		0.80		15		100		0.13		1.07E+03		8.69E+01		9.32E+00		1.12E+00		2.30E+01		1		4.20E+00

		1.0		24.03		0.84		15		100		0.16		8.87E+02		9.26E+01		1.22E+01		1.42E+00		2.90E+01		1		4.30E+00

		1.1		24.10		0.88		15		100		0.17		8.32E+02		9.47E+01		1.35E+01		1.55E+00		3.10E+01		1		4.30E+00

		1.2		24.42		0.93		15		100		0.27		6.19E+02		1.08E+02		2.10E+01		2.36E+00		4.80E+01		1		4.40E+00

		1.3		24.97		0.97		15		100		0.59		3.73E+02		1.45E+02		4.67E+01		5.22E+00		1.10E+02		3		4.40E+00

		1.4		24.77		1.01		15		100		0.44		4.49E+02		1.28E+02		3.43E+01		3.81E+00		7.80E+01		2		4.40E+00

		1.5		24.98		1.05		15		100		0.59		3.70E+02		1.44E+02		4.61E+01		5.12E+00		1.10E+02		3		4.40E+00

		1.6		24.79		1.09		15		100		0.44		4.41E+02		1.29E+02		3.40E+01		3.77E+00		7.80E+01		2		4.40E+00

		1.7		25.20		1.14		15		100		0.80		3.02E+02		1.63E+02		6.14E+01		6.85E+00		1.40E+02		3		4.40E+00

		0.9		23.83		0.80		10		100		0.06		1.07E+03		3.86E+01		4.14E+00		4.96E-01		1.00E+01		1		4.20E+00

		1.0		24.03		0.84		10		100		0.07		8.87E+02		4.12E+01		5.42E+00		6.33E-01		1.30E+01		1		4.30E+00

		1.1		24.10		0.88		10		100		0.08		8.32E+02		4.21E+01		5.99E+00		6.87E-01		1.40E+01		1		4.30E+00

		1.2		24.42		0.93		10		100		0.12		6.19E+02		4.82E+01		9.31E+00		1.05E+00		2.10E+01		1		4.40E+00

		1.3		24.97		0.97		10		100		0.26		3.73E+02		6.43E+01		2.07E+01		2.32E+00		4.70E+01		1		4.40E+00

		1.4		24.77		1.01		10		100		0.19		4.49E+02		5.70E+01		1.52E+01		1.70E+00		3.50E+01		1		4.40E+00

		1.5		24.98		1.05		10		100		0.26		3.70E+02		6.41E+01		2.05E+01		2.27E+00		4.70E+01		1		4.40E+00

		1.6		24.79		1.09		10		100		0.19		4.41E+02		5.72E+01		1.51E+01		1.68E+00		3.50E+01		1		4.40E+00

		1.7		25.20		1.14		10		100		0.35		3.02E+02		7.25E+01		2.73E+01		3.05E+00		6.40E+01		2		4.40E+00

		0.9		23.83		0.80		15		300		0.62		1.07E+03		1.42E+02		1.52E+01		1.83E+00		1.10E+02		3		4.20E+00

		1.0		24.03		0.84		15		300		0.81		8.87E+02		1.57E+02		2.07E+01		2.42E+00		1.50E+02		3		4.30E+00

		1.1		24.10		0.88		15		300		0.89		8.32E+02		1.63E+02		2.32E+01		2.67E+00		1.60E+02		4		4.30E+00

		1.2		24.42		0.93		15		300		1.47		6.19E+02		2.00E+02		3.86E+01		4.35E+00		2.60E+02		6		4.40E+00

		1.3		24.97		0.97		15		300		3.62		3.73E+02		2.95E+02		9.52E+01		1.06E+01		6.50E+02		14		4.40E+00

		1.4		24.77		1.01		15		300		2.57		4.49E+02		2.53E+02		6.75E+01		7.51E+00		4.60E+02		10		4.40E+00

		1.5		24.98		1.05		15		300		3.59		3.70E+02		2.94E+02		9.39E+01		1.04E+01		6.50E+02		13		4.40E+00

		1.6		24.79		1.09		15		300		2.57		4.41E+02		2.54E+02		6.69E+01		7.43E+00		4.60E+02		10		4.40E+00

		1.7		25.20		1.14		15		300		5.03		3.02E+02		3.44E+02		1.29E+02		1.44E+01		9.00E+02		19		4.40E+00

		0.9		23.83		0.80		10		300		0.28		1.07E+03		6.32E+01		6.77E+00		8.12E-01		4.90E+01		1		4.20E+00

		1.0		24.03		0.84		10		300		0.36		8.87E+02		6.99E+01		9.20E+00		1.07E+00		6.50E+01		2		4.30E+00

		1.1		24.10		0.88		10		300		0.40		8.32E+02		7.26E+01		1.03E+01		1.18E+00		7.20E+01		2		4.30E+00

		1.2		24.42		0.93		10		300		0.65		6.19E+02		8.87E+01		1.72E+01		1.93E+00		1.20E+02		3		4.40E+00

		1.3		24.97		0.97		10		300		1.61		3.73E+02		1.31E+02		4.23E+01		4.73E+00		2.90E+02		6		4.40E+00

		1.4		24.77		1.01		10		300		1.14		4.49E+02		1.12E+02		3.00E+01		3.34E+00		2.10E+02		5		4.40E+00

		1.5		24.98		1.05		10		300		1.59		3.70E+02		1.31E+02		4.17E+01		4.64E+00		2.90E+02		6		4.40E+00

		1.6		24.79		1.09		10		300		1.14		4.41E+02		1.13E+02		2.97E+01		3.30E+00		2.10E+02		5		4.40E+00

		1.7		25.20		1.14		10		300		2.23		3.02E+02		1.53E+02		5.75E+01		6.41E+00		4.00E+02		9		4.40E+00
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		Subject: Peter's signal-to-noise requirements

		Date: Thu, 18 Oct 2001 17:20:37 -0700

		From: Michael Levi <melevi@lbl.gov>

		Organization: Lawrence Berkeley National Laboratory

		To: "Jay A. Frogel" <jafrogel@lbl.gov>

		Hi Gary,

		When we were writing the original SNAP proposal Peter Nugent provided

		me with a table of RMS velocity error resulting from different

		combinations of resolution and S/N for his simulations of fitting

		Gaussian absorption line profiles, which I then used to construct

		Figure 10.2.  The table is given below. I took D(lam) as the wavelength

		spacing between independent samples (i.e. resolution elements),

		consistent with how Peter told me he performed the simulations. Since

		our bluest lines are at ~ 4000A, I calculated the resolution as

		4000/D(lam).

		The results only include Gaussian statistical errors. No uncertainty due

		to systematic differences amongst absorption line profiles has been

		included.

		Greg

		# From nugent@lilys.lbl.gov Thu Nov 18 05:10 PST 1999

		# Date: Thu, 18 Nov 1999 05:10:28 -0800 (PST)

		Values below are from the above message by Nugent to Aldering.

		For a given S/N and resolution (assume two pixels) they give the RMS error

		in veloicty for fitting Gaussian line profiles (see above)

		D(lam) is in Angstroms at 4000A

		S/N		D(km/s)

				D(lam)=5		D(lam)=10		D(lam)=15		D(lam)=20		D(lam)=25		D(lam)=50								D(km/s)		250.00

		5		489		815		1000		1135		1177

		10		172		313		423		564		680						Res		D(lam)		S/N needed for D(km/s) given above

		15		98		163		240		317		380		575				800		5		7.90

		20		73		111		154		201		238						400		10		11.54

		25		59		82		109		139		174		291				267		15		14.16

		30		52		68		88		109		133						200		20		17.29

		35		47		59		75		88		108		189				160		25		19.65

		50												113				80		50		27.99

																				y = 1.8146x0.5812

																				y = 2.0987x0.5372

																				y = 3.222x0.5555
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		work book to make table for msword document

						NGST Spectroscopic Exposure Times for Si II Feature in Type Ia SN at Maximum

												Resolution = 100										Resolution = 300

												Exp										Exp

				Mag		Wave		SN				Time		SN		Zodi		Dark				Time		SN		Zodi		Dark

		Z		(AB)		(mn)		(nano-Jy)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)

		1.7		25.24		1.62		2.91E+02				0.72		1.54E+02		5.03E+01		1.30E+02				4.54		3.24E+02		1.06E+02		8.20E+02

		1.6		25.12		1.56		3.25E+02				0.61		1.45E+02		4.28E+01		1.10E+02				3.77		2.99E+02		8.84E+01		6.80E+02

		1.5		24.99		1.50		3.66E+02				0.51		1.36E+02		3.60E+01		9.20E+01				3.08		2.74E+02		7.28E+01		5.60E+02

		1.4		24.85		1.44		4.17E+02				0.42		1.27E+02		3.02E+01		7.60E+01				2.49		2.50E+02		5.95E+01		4.50E+02

		1.3		24.70		1.38		4.79E+02				0.35		1.18E+02		2.50E+01		6.20E+01				1.99		2.26E+02		4.80E+01		3.60E+02

		1.2		24.55		1.32		5.50E+02				0.29		1.10E+02		2.09E+01		5.10E+01				1.60		2.06E+02		3.90E+01		2.90E+02

		1.1		24.38		1.26		6.43E+02				0.23		1.03E+02		1.71E+01		4.10E+01				1.24		1.85E+02		3.09E+01		2.20E+02

		1.0		24.21		1.20		7.52E+02				0.19		9.58E+01		1.41E+01		3.30E+01				0.97		1.67E+02		2.46E+01		1.70E+02

		0.9		24.00		1.14		9.12E+02				0.14		8.84E+01		1.10E+01		2.60E+01				0.72		1.48E+02		1.85E+01		1.30E+02

		0.8		23.77		1.08		1.13E+03				0.11		8.16E+01		8.45E+00		1.90E+01				0.52		1.30E+02		1.35E+01		9.30E+01

		0.7		23.51		1.02		1.43E+03				0.08		7.51E+01		6.27E+00		1.40E+01				0.36		1.14E+02		9.52E+00		6.50E+01

		1.7		25.24		1.62		2.91E+02

		1.6		25.12		1.56		3.25E+02

		1.5		24.99		1.50		3.66E+02

		1.4		24.85		1.44		4.17E+02

		1.3		24.70		1.38		4.79E+02

		1.2		24.55		1.32		5.50E+02

		1.1		24.38		1.26		6.43E+02

		1.0		24.21		1.20		7.52E+02

		0.9		24.00		1.14		9.12E+02

		0.8		23.77		1.08		1.13E+03

		0.7		23.51		1.02		1.43E+03
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SNAP ETC

		History:

		Originally done by JAF at SNOWMASS, 2001.

		28 Sept. 2001 - revisons by JAF

		These numbers (col. B) are from Alex Kim.  They are Vega magnitudes

		(not AB) of the SiII feature (roughly the shoulder) in type Ia SN.

		Z = redshift

		lambda = observed wavelength at a Z given by col. 1.

		mag (Vega) is the observed magnitude at the lambda of observation.

		The last 4 lines of col C are the IJHK filter centers.  Col. D gives the AB-Vega magnitude

		diference calculated from the NGST web page for these 4 filters.  The graph to the right shows the linear fit

		between these deltas and the wavelength.  Col. E. gives the delta values calcualted from the lienar fit.

		Col. F. gives the AB magnitudes from cols. B and E.

		Col. G gives the photon flux calculated from the AB mags and the NICMOS web page

		The numbers in Col H. are also from Alex.  These are Vega magnitudes (not AB) at the

		peak of the energy distribution when the SN is at max light at the OBSERVED wavelengths

		given in col I as a function of Z in col A.

		Col. J is the difference between the AB and Vega mags as a function of lambda.

		Col. K are the AB mags, and col L give the photon fluxes calculated from the AB mags

		and the NICMOS web page.  These photon fluxes are in closer (5%) agreement with

		numbers calcualted independently by Alex.

				mag		lambda		AB-Vega		AB-Vega				photons/

		Z		(Vega)				fm. NICMOS		fm. fit				cm^2/sec/		Vega mag		lambda		AB-Vega

														Ang						fm. fit

		0.10		18.69		6611								at peak		19.17		4625		0.20

		0.20		20.19		7212										20.45		5046		0.24

		0.30		21.00		7813										21.27		5466		0.28

		0.40		21.55		8414				0.58						21.85		5887		0.32

		0.50		21.96		9015				0.64						22.28		6307		0.37

		0.60		22.47		9616				0.70						22.86		6728		0.41

		0.70		22.74		10217		1.02		0.77		23.51		2.17E-07		22.88		7148		0.45

		0.80		22.94		10818		1.08		0.83		23.77		1.62E-07		22.98		7569		0.50

		0.90		23.11		11419		1.14		0.89		24.00		1.24E-07		23.29		7989		0.54		23.83		2.07E-07

		1.00		23.26		12020		1.20		0.95		24.21		9.70E-08		23.45		8410		0.58		24.03		1.64E-07

		1.10		23.37		12621		1.26		1.01		24.38		7.90E-08		23.48		8830		0.62		24.10		1.46E-07

		1.20		23.48		13222		1.32		1.07		24.55		6.76E-08		23.75		9251		0.67		24.42		1.04E-07

		1.30		23.57		13823		1.38		1.13		24.70		5.37E-08		24.26		9671		0.71		24.97		5.99E-08

		1.40		23.65		14424		1.44		1.19		24.85		4.48E-08		24.02		10092		0.75		24.77		6.90E-08

		1.50		23.73		15025		1.50		1.26		24.99		3.78E-08		24.19		10512		0.80		24.98		5.46E-08

		1.60		23.80		15626		1.56		1.32		25.12		3.23E-08		23.95		10933		0.84		24.79		6.25E-08

		1.70		23.86		16227		1.62		1.38		25.24		2.78E-08		24.31		11353		0.88		25.20		4.13E-08

						2.20		1.96		1.97

						1.65		1.42		1.41

						1.25		0.99		1.00

						0.80		0.54		0.54

				Constants used below

				Changes to the IR... Values

				will be reflected in the

				calculations

				C_		3.00E+10				cm/sec

				H_		6.63E-27				erg sec

				IRdark1		1.60E-02				e/pix/sec

				IRread1		4.00E+00				/pix

				IRdark2		1.60E-02				e/pix/sec

				IRread2		4.00E+00				/pix

				OTA		0.05				e/pix/sec

																						SN		SN: photons

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				cm^2/sec/		/sec/pix

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/		Vega mag		Ang

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)		at lambda		at peak

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		150.00		37		31400		0.014		0.35		5803		1.81E-12		9.12E-19		2.93E-03		24.25		5.38E-08		2.17E-02

		1.65		150.00		55		31400		0.014		0.35		8704		1.21E-12		3.76E-19		2.71E-03		23.87		2.54E-08		1.54E-02

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		100.00		55		282600		0.010		0.28		43520		1.81E-12		9.12E-19		2.20E-02		24.25		5.38E-08		2.34E-01		NGST values

		1.65		100.00		83		282600		0.010		0.28		65281		1.21E-12		3.76E-19		2.04E-02		23.87		2.54E-08		1.66E-01		NGST values

				Note:  In spectroscopic mode, SN flux has Npix=2, not 4 since in spatial direction you are

				just spreading the flux over two pixels per pixel in dispersion direction

																								Time needed to achieve

										Sources of Noise "current" in 2x2 pixels:														the listed S/N per

		Int																						resolution element (I.e. 2x2 pixels)

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

												These two use IRread1 & IRdark1 and the numbers on rows 70 and 71

																								(hours)		(hours)

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 72 and 73

		2000		1.10		4		2		87		64.0		128.0		23.4		17		8.67E+01		4.99		2.23		5.02

		2000		1.65		4		2		61		64.0		128.0		21.7		17		6.14E+01		3.70		4.05		9.12

												These two use IRread1 & IRdark2 and the numbers on rows  74 and 75

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 76 and 77

		1000		1.10		4		2		468		64.0		64.0		87.8		26		4.68E+02		17.90		0.09		0.19

		1000		1.65		4		2		332		64.0		64.0		81.4		23		3.32E+02		14.26		0.14		0.31

												For the Si II Feature:

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		1.02		75.00		68		31400		0.014		0.35		10779		1.95E-12		1.03E-18		5.73E-03				2.17E-07		1.62E-01		0.70

		1.08		75.00		72		31400		0.014		0.35		11413		1.84E-12		9.39E-19		5.83E-03				1.62E-07		1.28E-01		0.80

		1.14		75.00		76		31400		0.014		0.35		12048		1.74E-12		8.52E-19		5.90E-03				1.24E-07		1.04E-01		0.90

		1.20		75.00		80		31400		0.014		0.35		12682		1.65E-12		7.74E-19		5.93E-03				9.70E-08		8.54E-02		1.00

		1.26		75.00		84		31400		0.014		0.35		13316		1.58E-12		7.02E-19		5.93E-03				7.90E-08		7.31E-02		1.10

		1.32		75.00		88		31400		0.014		0.35		13950		1.50E-12		6.37E-19		5.91E-03				6.76E-08		6.55E-02		1.20

		1.38		75.00		92		31400		0.014		0.35		14584		1.44E-12		5.79E-19		5.86E-03				5.37E-08		5.44E-02		1.30

		1.44		75.00		96		31400		0.014		0.35		15218		1.38E-12		5.25E-19		5.80E-03				4.48E-08		4.73E-02		1.40

		1.50		75.00		100		31400		0.014		0.35		15852		1.32E-12		4.77E-19		5.71E-03				3.78E-08		4.16E-02		1.50

		1.56		75.00		104		31400		0.014		0.35		16486		1.27E-12		4.33E-19		5.60E-03				3.23E-08		3.70E-02		1.60

		1.62		75.00		108		31400		0.014		0.35		17120		1.23E-12		3.93E-19		5.49E-03				2.78E-08		3.31E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 110 to 120

										Sources of Noise "current" in 2x2 pixels:																Time needed to achieve

		Int																								the listed S/N per

		time				N(pix)		N(pix)								background				TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		OTA		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		1.02		4		2		325		64.0		64.0		200		22.9		26		3.25E+02		12.50		0.18		0.40		0.28

		1000		1.08		4		2		257		64.0		64.0		200		23.3		25		2.57E+02		10.41		0.26		0.58		0.39

		1000		1.14		4		2		207		64.0		64.0		200		23.6		24		2.07E+02		8.78		0.36		0.81		0.52

		1000		1.20		4		2		171		64.0		64.0		200		23.7		23		1.71E+02		7.47		0.50		1.12		0.69

		1000		1.26		4		2		146		64.0		64.0		200		23.7		22		1.46E+02		6.55		0.65		1.46		0.87

		1000		1.32		4		2		131		64.0		64.0		200		23.6		22		1.31E+02		5.96		0.78		1.76		1.03

		1000		1.38		4		2		109		64.0		64.0		200		23.5		21		1.09E+02		5.07		1.08		2.43		1.37

		1000		1.44		4		2		95		64.0		64.0		200		23.2		21		9.47E+01		4.48		1.38		3.11		1.71

		1000		1.50		4		2		83		64.0		64.0		200		22.8		21		8.32E+01		3.99		1.74		3.92		2.11

		1000		1.56		4		2		74		64.0		64.0		200		22.4		21		7.40E+01		3.59		2.16		4.85		2.56

		1000		1.62		4		2		66		64.0		64.0		200		21.9		20		6.61E+01		3.24		2.64		5.95		3.09

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.70		1.02				0.13		0.28				0.32		0.72				0.48		1.09				0.91		2.04

		0.80		1.08				0.17		0.39				0.45		1.02				0.70		1.57				1.33		3.00

		0.90		1.14				0.23		0.52				0.63		1.41				0.98		2.22				1.92		4.32

		1.00		1.20				0.31		0.69				0.86		1.93				1.36		3.06				2.69		6.05

		1.10		1.26				0.39		0.87				1.11		2.49				1.77		3.99				3.55		7.99

		1.20		1.32				0.46		1.03				1.33		2.99				2.14		4.82				4.32		9.72

		1.30		1.38				0.61		1.37				1.82		4.10				2.96		6.67				6.05		13.61

		1.40		1.44				0.76		1.71				2.32		5.21				3.79		8.54				7.81		17.56

		1.50		1.50				0.94		2.11				2.90		6.53				4.78		10.77				9.92		22.31

		1.60		1.56				1.14		2.56				3.58		8.05				5.93		13.34				12.36		27.81

		1.70		1.62				1.37		3.09				4.37		9.84				7.28		16.38				15.26		34.33

												For the Peak SN Flux at Maximum Light

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		0.80		75.00		53		31400		0.014		0.35		8429		2.49E-12		1.48E-18		5.02E-03				2.07E-07		1.21E-01		0.90

		0.84		75.00		56		31400		0.014		0.35		8873		2.37E-12		1.38E-18		5.19E-03				1.64E-07		1.01E-01		1.00

		0.88		75.00		59		31400		0.014		0.35		9316		2.25E-12		1.29E-18		5.35E-03				1.46E-07		9.45E-02		1.10

		0.93		75.00		62		31400		0.014		0.35		9760		2.15E-12		1.21E-18		5.49E-03				1.04E-07		7.05E-02		1.20

		0.97		75.00		64		31400		0.014		0.35		10203		2.06E-12		1.13E-18		5.61E-03				5.99E-08		4.24E-02		1.30

		1.01		75.00		67		31400		0.014		0.35		10647		1.97E-12		1.06E-18		5.70E-03				6.90E-08		5.10E-02		1.40

		1.05		75.00		70		31400		0.014		0.35		11091		1.89E-12		9.87E-19		5.78E-03				5.46E-08		4.21E-02		1.50

		1.09		75.00		73		31400		0.014		0.35		11535		1.82E-12		9.22E-19		5.85E-03				6.25E-08		5.01E-02		1.60

		1.14		75.00		76		31400		0.014		0.35		11978		1.75E-12		8.62E-19		5.89E-03				4.13E-08		3.44E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 165 to 173

										Sources of Noise "current" in 2x2 pixels:														Time needed to achieve

		Int																						the listed S/N per

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		0.80		4		2		242		64.0		64.0		20.1		20		2.42E+02		12.26		0.18		0.42

		1000		0.84		4		2		202		64.0		64.0		20.8		19		2.02E+02		10.79		0.24		0.54

		1000		0.88		4		2		189		64.0		64.0		21.4		18		1.89E+02		10.27		0.26		0.59

		1000		0.93		4		2		141		64.0		64.0		22.0		17		1.41E+02		8.27		0.41		0.91

		1000		0.97		4		2		85		64.0		64.0		22.4		15		8.49E+01		5.53		0.91		2.04

		1000		1.01		4		2		102		64.0		64.0		22.8		16		1.02E+02		6.42		0.67		1.52

		1000		1.05		4		2		84		64.0		64.0		23.1		15		8.41E+01		5.48		0.92		2.08

		1000		1.09		4		2		100		64.0		64.0		23.4		16		1.00E+02		6.31		0.70		1.57

		1000		1.14		4		2		69		64.0		64.0		23.6		15		6.87E+01		4.63		1.30		2.92

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.90		0.80				0.18		0.42				0.49		1.10				0.76		1.71				1.47		3.30

		1.00		0.84				0.24		0.54				0.65		1.47				1.02		2.30				2.00		4.50

		1.10		0.88				0.26		0.59				0.73		1.63				1.15		2.58				2.25		5.06

		1.20		0.93				0.41		0.91				1.17		2.63				1.88		4.23				3.77		8.49

		1.30		0.97				0.91		2.04				2.80		6.30				4.61		10.38				9.55		21.49

		1.40		1.01				0.67		1.52				2.03		4.57				3.32		7.46				6.80		15.29

		1.50		1.05				0.92		2.08				2.85		6.42				4.70		10.57				9.73		21.89

		1.60		1.09				0.70		1.57				2.10		4.73				3.43		7.73				7.04		15.85

		1.70		1.14				1.30		2.92				4.10		9.22				6.80		15.31				14.22		32.00

						Note:  Increasing the individual integration time from 1000 to 2000 seconds only yields a 20% reduction

						in exposure time for the longest exposures.
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NGST-ETC-SiII

		

		(10/17/2001) These are results from the NGST ETC for SN type Ia - the Si II feature.

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		15		100		0.72		2.91E+02		1.54E+02		5.03E+01		1.30E+02		3		4.50E+00		6.06E+00

		1.6		25.12		1.56		15		100		0.61		3.25E+02		1.45E+02		4.28E+01		1.10E+02		3		4.40E+00		5.12E+00

		1.5		24.99		1.50		15		100		0.51		3.66E+02		1.36E+02		3.60E+01		9.20E+01		2		4.40E+00		4.28E+00

		1.4		24.85		1.44		15		100		0.42		4.17E+02		1.27E+02		3.02E+01		7.60E+01		2		4.40E+00		3.55E+00

		1.3		24.70		1.38		15		100		0.35		4.79E+02		1.18E+02		2.50E+01		6.20E+01		2		4.40E+00		2.91E+00

		1.2		24.55		1.32		15		100		0.29		5.50E+02		1.10E+02		2.09E+01		5.10E+01		2		4.40E+00		2.41E+00

		1.1		24.38		1.26		15		100		0.23		6.43E+02		1.03E+02		1.71E+01		4.10E+01		1		4.40E+00		1.95E+00

		1.0		24.21		1.20		15		100		0.19		7.52E+02		9.58E+01		1.41E+01		3.30E+01		1		4.40E+00		1.58E+00

		0.9		24.00		1.14		15		100		0.14		9.12E+02		8.84E+01		1.10E+01		2.60E+01		1		4.40E+00		1.23E+00

		0.8		23.77		1.08		15		100		0.11		1.13E+03		8.16E+01		8.45E+00		1.90E+01		1		4.40E+00		9.39E-01

		0.7		23.51		1.02		15		100		0.08		1.43E+03		7.51E+01		6.27E+00		1.40E+01		1		4.40E+00		6.97E-01

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		10		100		0.32		2.91E+02		6.84E+01		2.23E+01		5.80E+01		2		4.50E+00		2.69E+00

		1.6		25.12		1.56		10		100		0.27		3.25E+02		6.44E+01		1.90E+01		4.90E+01		1		4.40E+00		2.28E+00

		1.5		24.99		1.50		10		100		0.23		3.66E+02		6.04E+01		1.60E+01		4.10E+01		1		4.40E+00		1.90E+00

		1.4		24.85		1.44		10		100		0.19		4.17E+02		5.63E+01		1.34E+01		3.40E+01		1		4.40E+00		1.58E+00

		1.3		24.70		1.38		10		100		0.15		4.79E+02		5.24E+01		1.11E+01		2.80E+01		1		4.40E+00		1.29E+00

		1.2		24.55		1.32		10		100		0.13		5.50E+02		4.90E+01		9.28E+00		2.30E+01		1		4.40E+00		1.07E+00

		1.1		24.38		1.26		10		100		0.10		6.43E+02		4.56E+01		7.60E+00		1.80E+01		1		4.40E+00		8.65E-01

		1.0		24.21		1.20		10		100		0.08		7.52E+02		4.26E+01		6.26E+00		1.50E+01		1		4.40E+00		7.04E-01

		0.9		24.00		1.14		10		100		0.06		9.12E+02		3.93E+01		4.90E+00		1.10E+01		1		4.40E+00		5.46E-01

		0.8		23.77		1.08		10		100		0.05		1.13E+03		3.63E+01		3.75E+00		8.60E+00		1		4.40E+00		4.17E-01

		0.7		23.51		1.02		10		100		0.04		1.43E+03		3.34E+01		2.79E+00		6.40E+00		1		4.40E+00		3.10E-01

		1.7		25.24		1.62		15		300		4.54		2.91E+02		3.24E+02		1.06E+02		8.20E+02		17		4.50E+00		1.28E+01

		1.6		25.12		1.56		15		300		3.77		3.25E+02		2.99E+02		8.84E+01		6.80E+02		14		4.40E+00		1.06E+01

		1.5		24.99		1.50		15		300		3.08		3.66E+02		2.74E+02		7.28E+01		5.60E+02		12		4.40E+00		8.64E+00

		1.4		24.85		1.44		15		300		2.49		4.17E+02		2.50E+02		5.95E+01		4.50E+02		9		4.40E+00		6.99E+00

		1.3		24.70		1.38		15		300		1.99		4.79E+02		2.26E+02		4.80E+01		3.60E+02		8		4.40E+00		5.59E+00

		1.2		24.55		1.32		15		300		1.60		5.50E+02		2.06E+02		3.90E+01		2.90E+02		6		4.40E+00		4.49E+00

		1.1		24.38		1.26		15		300		1.24		6.43E+02		1.85E+02		3.09E+01		2.20E+02		5		4.40E+00		3.52E+00

		1.0		24.21		1.20		15		300		0.97		7.52E+02		1.67E+02		2.46E+01		1.70E+02		4		4.40E+00		2.77E+00

		0.9		24.00		1.14		15		300		0.72		9.12E+02		1.48E+02		1.85E+01		1.30E+02		3		4.40E+00		2.06E+00

		0.8		23.77		1.08		15		300		0.52		1.13E+03		1.30E+02		1.35E+01		9.30E+01		2		4.40E+00		1.50E+00

		0.7		23.51		1.02		15		300		0.36		1.43E+03		1.14E+02		9.52E+00		6.50E+01		2		4.40E+00		1.06E+00

		1.7		25.24		1.62		10		300		2.02		2.91E+02		1.44E+02		4.70E+01		3.60E+02		8		4.50E+00		5.67E+00

		1.6		25.12		1.56		10		300		1.68		3.25E+02		1.33E+02		3.93E+01		3.00E+02		7		4.40E+00		4.70E+00

		1.5		24.99		1.50		10		300		1.37		3.66E+02		1.22E+02		3.24E+01		2.50E+02		5		4.40E+00		3.84E+00

		1.4		24.85		1.44		10		300		1.11		4.17E+02		1.11E+02		2.64E+01		2.00E+02		4		4.40E+00		3.11E+00

		1.3		24.70		1.38		10		300		0.88		4.79E+02		1.01E+02		2.13E+01		1.60E+02		4		4.40E+00		2.48E+00

		1.2		24.55		1.32		10		300		0.71		5.50E+02		9.16E+01		1.73E+01		1.30E+02		3		4.40E+00		2.00E+00

		1.1		24.38		1.26		10		300		0.55		6.43E+02		8.24E+01		1.37E+01		9.90E+01		2		4.40E+00		1.56E+00

		1.0		24.21		1.20		10		300		0.43		7.52E+02		7.44E+01		1.09E+01		7.80E+01		2		4.40E+00		1.23E+00

		0.9		24.00		1.14		10		300		0.32		9.12E+02		6.59E+01		8.21E+00		5.70E+01		2		4.40E+00		9.16E-01

		0.8		23.77		1.08		10		300		0.23		1.13E+03		5.80E+01		6.00E+00		4.10E+01		1		4.40E+00		6.67E-01

		0.7		23.51		1.02		10		300		0.16		1.43E+03		5.07E+01		4.23E+00		2.90E+01		1		4.40E+00		4.70E-01
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		(10/17/2001) These are results from the NGST ETC for SN type Ia - the peak of the energy distribution

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

				Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Self_Emn		Dark		N_Sp		N_Bk

		Z		(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)		(c/pix/e

		0.9		23.83		0.80		15		100		0.13		1.07E+03		8.69E+01		9.32E+00		1.12E+00		2.30E+01		1		4.20E+00

		1.0		24.03		0.84		15		100		0.16		8.87E+02		9.26E+01		1.22E+01		1.42E+00		2.90E+01		1		4.30E+00

		1.1		24.10		0.88		15		100		0.17		8.32E+02		9.47E+01		1.35E+01		1.55E+00		3.10E+01		1		4.30E+00

		1.2		24.42		0.93		15		100		0.27		6.19E+02		1.08E+02		2.10E+01		2.36E+00		4.80E+01		1		4.40E+00

		1.3		24.97		0.97		15		100		0.59		3.73E+02		1.45E+02		4.67E+01		5.22E+00		1.10E+02		3		4.40E+00

		1.4		24.77		1.01		15		100		0.44		4.49E+02		1.28E+02		3.43E+01		3.81E+00		7.80E+01		2		4.40E+00

		1.5		24.98		1.05		15		100		0.59		3.70E+02		1.44E+02		4.61E+01		5.12E+00		1.10E+02		3		4.40E+00

		1.6		24.79		1.09		15		100		0.44		4.41E+02		1.29E+02		3.40E+01		3.77E+00		7.80E+01		2		4.40E+00

		1.7		25.20		1.14		15		100		0.80		3.02E+02		1.63E+02		6.14E+01		6.85E+00		1.40E+02		3		4.40E+00

		0.9		23.83		0.80		10		100		0.06		1.07E+03		3.86E+01		4.14E+00		4.96E-01		1.00E+01		1		4.20E+00

		1.0		24.03		0.84		10		100		0.07		8.87E+02		4.12E+01		5.42E+00		6.33E-01		1.30E+01		1		4.30E+00

		1.1		24.10		0.88		10		100		0.08		8.32E+02		4.21E+01		5.99E+00		6.87E-01		1.40E+01		1		4.30E+00

		1.2		24.42		0.93		10		100		0.12		6.19E+02		4.82E+01		9.31E+00		1.05E+00		2.10E+01		1		4.40E+00

		1.3		24.97		0.97		10		100		0.26		3.73E+02		6.43E+01		2.07E+01		2.32E+00		4.70E+01		1		4.40E+00

		1.4		24.77		1.01		10		100		0.19		4.49E+02		5.70E+01		1.52E+01		1.70E+00		3.50E+01		1		4.40E+00

		1.5		24.98		1.05		10		100		0.26		3.70E+02		6.41E+01		2.05E+01		2.27E+00		4.70E+01		1		4.40E+00

		1.6		24.79		1.09		10		100		0.19		4.41E+02		5.72E+01		1.51E+01		1.68E+00		3.50E+01		1		4.40E+00

		1.7		25.20		1.14		10		100		0.35		3.02E+02		7.25E+01		2.73E+01		3.05E+00		6.40E+01		2		4.40E+00

		0.9		23.83		0.80		15		300		0.62		1.07E+03		1.42E+02		1.52E+01		1.83E+00		1.10E+02		3		4.20E+00

		1.0		24.03		0.84		15		300		0.81		8.87E+02		1.57E+02		2.07E+01		2.42E+00		1.50E+02		3		4.30E+00

		1.1		24.10		0.88		15		300		0.89		8.32E+02		1.63E+02		2.32E+01		2.67E+00		1.60E+02		4		4.30E+00

		1.2		24.42		0.93		15		300		1.47		6.19E+02		2.00E+02		3.86E+01		4.35E+00		2.60E+02		6		4.40E+00

		1.3		24.97		0.97		15		300		3.62		3.73E+02		2.95E+02		9.52E+01		1.06E+01		6.50E+02		14		4.40E+00

		1.4		24.77		1.01		15		300		2.57		4.49E+02		2.53E+02		6.75E+01		7.51E+00		4.60E+02		10		4.40E+00

		1.5		24.98		1.05		15		300		3.59		3.70E+02		2.94E+02		9.39E+01		1.04E+01		6.50E+02		13		4.40E+00

		1.6		24.79		1.09		15		300		2.57		4.41E+02		2.54E+02		6.69E+01		7.43E+00		4.60E+02		10		4.40E+00

		1.7		25.20		1.14		15		300		5.03		3.02E+02		3.44E+02		1.29E+02		1.44E+01		9.00E+02		19		4.40E+00

		0.9		23.83		0.80		10		300		0.28		1.07E+03		6.32E+01		6.77E+00		8.12E-01		4.90E+01		1		4.20E+00

		1.0		24.03		0.84		10		300		0.36		8.87E+02		6.99E+01		9.20E+00		1.07E+00		6.50E+01		2		4.30E+00

		1.1		24.10		0.88		10		300		0.40		8.32E+02		7.26E+01		1.03E+01		1.18E+00		7.20E+01		2		4.30E+00

		1.2		24.42		0.93		10		300		0.65		6.19E+02		8.87E+01		1.72E+01		1.93E+00		1.20E+02		3		4.40E+00

		1.3		24.97		0.97		10		300		1.61		3.73E+02		1.31E+02		4.23E+01		4.73E+00		2.90E+02		6		4.40E+00

		1.4		24.77		1.01		10		300		1.14		4.49E+02		1.12E+02		3.00E+01		3.34E+00		2.10E+02		5		4.40E+00

		1.5		24.98		1.05		10		300		1.59		3.70E+02		1.31E+02		4.17E+01		4.64E+00		2.90E+02		6		4.40E+00

		1.6		24.79		1.09		10		300		1.14		4.41E+02		1.13E+02		2.97E+01		3.30E+00		2.10E+02		5		4.40E+00

		1.7		25.20		1.14		10		300		2.23		3.02E+02		1.53E+02		5.75E+01		6.41E+00		4.00E+02		9		4.40E+00
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		Subject: Peter's signal-to-noise requirements

		Date: Thu, 18 Oct 2001 17:20:37 -0700

		From: Michael Levi <melevi@lbl.gov>

		Organization: Lawrence Berkeley National Laboratory

		To: "Jay A. Frogel" <jafrogel@lbl.gov>

		Hi Gary,

		When we were writing the original SNAP proposal Peter Nugent provided

		me with a table of RMS velocity error resulting from different

		combinations of resolution and S/N for his simulations of fitting

		Gaussian absorption line profiles, which I then used to construct

		Figure 10.2.  The table is given below. I took D(lam) as the wavelength

		spacing between independent samples (i.e. resolution elements),

		consistent with how Peter told me he performed the simulations. Since

		our bluest lines are at ~ 4000A, I calculated the resolution as

		4000/D(lam).

		The results only include Gaussian statistical errors. No uncertainty due

		to systematic differences amongst absorption line profiles has been

		included.

		Greg

		# From nugent@lilys.lbl.gov Thu Nov 18 05:10 PST 1999

		# Date: Thu, 18 Nov 1999 05:10:28 -0800 (PST)

		Values below are from the above message by Nugent to Aldering.

		For a given S/N and resolution (assume two pixels) they give the RMS error

		in veloicty for fitting Gaussian line profiles (see above)

		D(lam) is in Angstroms at 4000A

		S/N		D(km/s)

				D(lam)=5		D(lam)=10		D(lam)=15		D(lam)=20		D(lam)=25		D(lam)=50								D(km/s)		250.00

		5		489		815		1000		1135		1177

		10		172		313		423		564		680						Res		D(lam)		S/N needed for D(km/s) given above

		15		98		163		240		317		380		575				800		5		7.90

		20		73		111		154		201		238						400		10		11.54

		25		59		82		109		139		174		291				267		15		14.16

		30		52		68		88		109		133						200		20		17.29

		35		47		59		75		88		108		189				160		25		19.65

		50												113				80		50		27.99

																				y = 1.8146x0.5812

																				y = 2.0987x0.5372

																				y = 3.222x0.5555
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		work book to make table for msword document

						NGST Spectroscopic Exposure Times for Si II Feature in Type Ia SN at Maximum

												Resolution = 100										Resolution = 300

												Exp										Exp

				Mag		Wave		SN				Time		SN		Zodi		Dark				Time		SN		Zodi		Dark

		Z		(AB)		(mn)		(nano-Jy)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)

		1.7		25.24		1.62		2.91E+02				0.72		1.54E+02		5.03E+01		1.30E+02				4.54		3.24E+02		1.06E+02		8.20E+02

		1.6		25.12		1.56		3.25E+02				0.61		1.45E+02		4.28E+01		1.10E+02				3.77		2.99E+02		8.84E+01		6.80E+02

		1.5		24.99		1.50		3.66E+02				0.51		1.36E+02		3.60E+01		9.20E+01				3.08		2.74E+02		7.28E+01		5.60E+02

		1.4		24.85		1.44		4.17E+02				0.42		1.27E+02		3.02E+01		7.60E+01				2.49		2.50E+02		5.95E+01		4.50E+02

		1.3		24.70		1.38		4.79E+02				0.35		1.18E+02		2.50E+01		6.20E+01				1.99		2.26E+02		4.80E+01		3.60E+02

		1.2		24.55		1.32		5.50E+02				0.29		1.10E+02		2.09E+01		5.10E+01				1.60		2.06E+02		3.90E+01		2.90E+02

		1.1		24.38		1.26		6.43E+02				0.23		1.03E+02		1.71E+01		4.10E+01				1.24		1.85E+02		3.09E+01		2.20E+02

		1.0		24.21		1.20		7.52E+02				0.19		9.58E+01		1.41E+01		3.30E+01				0.97		1.67E+02		2.46E+01		1.70E+02

		0.9		24.00		1.14		9.12E+02				0.14		8.84E+01		1.10E+01		2.60E+01				0.72		1.48E+02		1.85E+01		1.30E+02

		0.8		23.77		1.08		1.13E+03				0.11		8.16E+01		8.45E+00		1.90E+01				0.52		1.30E+02		1.35E+01		9.30E+01

		0.7		23.51		1.02		1.43E+03				0.08		7.51E+01		6.27E+00		1.40E+01				0.36		1.14E+02		9.52E+00		6.50E+01

						NGST Spectroscopic Exposure Times for Peak Flux Point in Type Ia SN at Maximum

												Resolution = 100										Resolution = 300

												Exp										Exp

				Mag		Wave		SN				Time		SN		Zodi		Dark				Time		SN		Zodi		Dark

		Z		(AB)		(mn)		(nano-Jy)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)

		0.9		23.83		0.80		1.07E+03				0.13		8.69E+01		9.32E+00		2.30E+01				0.62		1.42E+02		1.52E+01		1.10E+02

		1.0		24.03		0.84		8.87E+02				0.16		9.26E+01		1.22E+01		2.90E+01				0.81		1.57E+02		2.07E+01		1.50E+02

		1.1		24.10		0.88		8.32E+02				0.17		9.47E+01		1.35E+01		3.10E+01				0.89		1.63E+02		2.32E+01		1.60E+02

		1.2		24.42		0.93		6.19E+02				0.27		1.08E+02		2.10E+01		4.80E+01				1.47		2.00E+02		3.86E+01		2.60E+02

		1.3		24.97		0.97		3.73E+02				0.59		1.45E+02		4.67E+01		1.10E+02				3.62		2.95E+02		9.52E+01		6.50E+02

		1.4		24.77		1.01		4.49E+02				0.44		1.28E+02		3.43E+01		7.80E+01				2.57		2.53E+02		6.75E+01		4.60E+02

		1.5		24.98		1.05		3.70E+02				0.59		1.44E+02		4.61E+01		1.10E+02				3.59		2.94E+02		9.39E+01		6.50E+02

		1.6		24.79		1.09		4.41E+02				0.44		1.29E+02		3.40E+01		7.80E+01				2.57		2.54E+02		6.69E+01		4.60E+02

		1.7		25.20		1.14		3.02E+02				0.80		1.63E+02		6.14E+01		1.40E+02				5.03		3.44E+02		1.29E+02		9.00E+02
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SNAP ETC

		History:

		Originally done by JAF at SNOWMASS, 2001.

		28 Sept. 2001 - revisons by JAF

		These numbers (col. B) are from Alex Kim.  They are Vega magnitudes

		(not AB) of the SiII feature (roughly the shoulder) in type Ia SN.

		Z = redshift

		lambda = observed wavelength at a Z given by col. 1.

		mag (Vega) is the observed magnitude at the lambda of observation.

		The last 4 lines of col C are the IJHK filter centers.  Col. D gives the AB-Vega magnitude

		diference calculated from the NGST web page for these 4 filters.  The graph to the right shows the linear fit

		between these deltas and the wavelength.  Col. E. gives the delta values calcualted from the lienar fit.

		Col. F. gives the AB magnitudes from cols. B and E.

		Col. G gives the photon flux calculated from the AB mags and the NICMOS web page

		The numbers in Col H. are also from Alex.  These are Vega magnitudes (not AB) at the

		peak of the energy distribution when the SN is at max light at the OBSERVED wavelengths

		given in col I as a function of Z in col A.

		Col. J is the difference between the AB and Vega mags as a function of lambda.

		Col. K are the AB mags, and col L give the photon fluxes calculated from the AB mags

		and the NICMOS web page.  These photon fluxes are in closer (5%) agreement with

		numbers calcualted independently by Alex.

				mag		lambda		AB-Vega		AB-Vega				photons/

		Z		(Vega)				fm. NICMOS		fm. fit				cm^2/sec/		Vega mag		lambda		AB-Vega

														Ang						fm. fit

		0.10		18.69		6611								at peak		19.17		4625		0.20

		0.20		20.19		7212										20.45		5046		0.24

		0.30		21.00		7813										21.27		5466		0.28

		0.40		21.55		8414				0.58						21.85		5887		0.32

		0.50		21.96		9015				0.64						22.28		6307		0.37

		0.60		22.47		9616				0.70						22.86		6728		0.41

		0.70		22.74		10217		1.02		0.77		23.51		2.17E-07		22.88		7148		0.45

		0.80		22.94		10818		1.08		0.83		23.77		1.62E-07		22.98		7569		0.50

		0.90		23.11		11419		1.14		0.89		24.00		1.24E-07		23.29		7989		0.54		23.83		2.07E-07

		1.00		23.26		12020		1.20		0.95		24.21		9.70E-08		23.45		8410		0.58		24.03		1.64E-07

		1.10		23.37		12621		1.26		1.01		24.38		7.90E-08		23.48		8830		0.62		24.10		1.46E-07

		1.20		23.48		13222		1.32		1.07		24.55		6.76E-08		23.75		9251		0.67		24.42		1.04E-07

		1.30		23.57		13823		1.38		1.13		24.70		5.37E-08		24.26		9671		0.71		24.97		5.99E-08

		1.40		23.65		14424		1.44		1.19		24.85		4.48E-08		24.02		10092		0.75		24.77		6.90E-08

		1.50		23.73		15025		1.50		1.26		24.99		3.78E-08		24.19		10512		0.80		24.98		5.46E-08

		1.60		23.80		15626		1.56		1.32		25.12		3.23E-08		23.95		10933		0.84		24.79		6.25E-08

		1.70		23.86		16227		1.62		1.38		25.24		2.78E-08		24.31		11353		0.88		25.20		4.13E-08

						2.20		1.96		1.97

						1.65		1.42		1.41

						1.25		0.99		1.00

						0.80		0.54		0.54

				Constants used below

				Changes to the IR... Values

				will be reflected in the

				calculations

				C_		3.00E+10				cm/sec

				H_		6.63E-27				erg sec

				IRdark1		1.60E-02				e/pix/sec

				IRread1		4.00E+00				/pix

				IRdark2		1.60E-02				e/pix/sec

				IRread2		4.00E+00				/pix

				OTA		0.05				e/pix/sec

																						SN		SN: photons

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				cm^2/sec/		/sec/pix

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/		Vega mag		Ang

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)		at lambda		at peak

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		150.00		37		31400		0.014		0.35		5803		1.81E-12		9.12E-19		2.93E-03		24.25		5.38E-08		2.17E-02

		1.65		150.00		55		31400		0.014		0.35		8704		1.21E-12		3.76E-19		2.71E-03		23.87		2.54E-08		1.54E-02

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		100.00		55		282600		0.010		0.28		43520		1.81E-12		9.12E-19		2.20E-02		24.25		5.38E-08		2.34E-01		NGST values

		1.65		100.00		83		282600		0.010		0.28		65281		1.21E-12		3.76E-19		2.04E-02		23.87		2.54E-08		1.66E-01		NGST values

				Note:  In spectroscopic mode, SN flux has Npix=2, not 4 since in spatial direction you are

				just spreading the flux over two pixels per pixel in dispersion direction

																								Time needed to achieve

										Sources of Noise "current" in 2x2 pixels:														the listed S/N per

		Int																						resolution element (I.e. 2x2 pixels)

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

												These two use IRread1 & IRdark1 and the numbers on rows 70 and 71

																								(hours)		(hours)

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 72 and 73

		2000		1.10		4		2		87		64.0		128.0		23.4		17		8.67E+01		4.99		2.23		5.02

		2000		1.65		4		2		61		64.0		128.0		21.7		17		6.14E+01		3.70		4.05		9.12

												These two use IRread1 & IRdark2 and the numbers on rows  74 and 75

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 76 and 77

		1000		1.10		4		2		468		64.0		64.0		87.8		26		4.68E+02		17.90		0.09		0.19

		1000		1.65		4		2		332		64.0		64.0		81.4		23		3.32E+02		14.26		0.14		0.31

												For the Si II Feature:

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		1.02		75.00		68		31400		0.014		0.35		10779		1.95E-12		1.03E-18		5.73E-03				2.17E-07		1.62E-01		0.70

		1.08		75.00		72		31400		0.014		0.35		11413		1.84E-12		9.39E-19		5.83E-03				1.62E-07		1.28E-01		0.80

		1.14		75.00		76		31400		0.014		0.35		12048		1.74E-12		8.52E-19		5.90E-03				1.24E-07		1.04E-01		0.90

		1.20		75.00		80		31400		0.014		0.35		12682		1.65E-12		7.74E-19		5.93E-03				9.70E-08		8.54E-02		1.00

		1.26		75.00		84		31400		0.014		0.35		13316		1.58E-12		7.02E-19		5.93E-03				7.90E-08		7.31E-02		1.10

		1.32		75.00		88		31400		0.014		0.35		13950		1.50E-12		6.37E-19		5.91E-03				6.76E-08		6.55E-02		1.20

		1.38		75.00		92		31400		0.014		0.35		14584		1.44E-12		5.79E-19		5.86E-03				5.37E-08		5.44E-02		1.30

		1.44		75.00		96		31400		0.014		0.35		15218		1.38E-12		5.25E-19		5.80E-03				4.48E-08		4.73E-02		1.40

		1.50		75.00		100		31400		0.014		0.35		15852		1.32E-12		4.77E-19		5.71E-03				3.78E-08		4.16E-02		1.50

		1.56		75.00		104		31400		0.014		0.35		16486		1.27E-12		4.33E-19		5.60E-03				3.23E-08		3.70E-02		1.60

		1.62		75.00		108		31400		0.014		0.35		17120		1.23E-12		3.93E-19		5.49E-03				2.78E-08		3.31E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 110 to 120

										Sources of Noise "current" in 2x2 pixels:																Time needed to achieve

		Int																								the listed S/N per

		time				N(pix)		N(pix)								background				TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		OTA		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		1.02		4		2		325		64.0		64.0		200		22.9		26		3.25E+02		12.50		0.18		0.40		0.28

		1000		1.08		4		2		257		64.0		64.0		200		23.3		25		2.57E+02		10.41		0.26		0.58		0.39

		1000		1.14		4		2		207		64.0		64.0		200		23.6		24		2.07E+02		8.78		0.36		0.81		0.52

		1000		1.20		4		2		171		64.0		64.0		200		23.7		23		1.71E+02		7.47		0.50		1.12		0.69

		1000		1.26		4		2		146		64.0		64.0		200		23.7		22		1.46E+02		6.55		0.65		1.46		0.87

		1000		1.32		4		2		131		64.0		64.0		200		23.6		22		1.31E+02		5.96		0.78		1.76		1.03

		1000		1.38		4		2		109		64.0		64.0		200		23.5		21		1.09E+02		5.07		1.08		2.43		1.37

		1000		1.44		4		2		95		64.0		64.0		200		23.2		21		9.47E+01		4.48		1.38		3.11		1.71

		1000		1.50		4		2		83		64.0		64.0		200		22.8		21		8.32E+01		3.99		1.74		3.92		2.11

		1000		1.56		4		2		74		64.0		64.0		200		22.4		21		7.40E+01		3.59		2.16		4.85		2.56

		1000		1.62		4		2		66		64.0		64.0		200		21.9		20		6.61E+01		3.24		2.64		5.95		3.09

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.70		1.02				0.13		0.28				0.32		0.72				0.48		1.09				0.91		2.04

		0.80		1.08				0.17		0.39				0.45		1.02				0.70		1.57				1.33		3.00

		0.90		1.14				0.23		0.52				0.63		1.41				0.98		2.22				1.92		4.32

		1.00		1.20				0.31		0.69				0.86		1.93				1.36		3.06				2.69		6.05

		1.10		1.26				0.39		0.87				1.11		2.49				1.77		3.99				3.55		7.99

		1.20		1.32				0.46		1.03				1.33		2.99				2.14		4.82				4.32		9.72

		1.30		1.38				0.61		1.37				1.82		4.10				2.96		6.67				6.05		13.61

		1.40		1.44				0.76		1.71				2.32		5.21				3.79		8.54				7.81		17.56

		1.50		1.50				0.94		2.11				2.90		6.53				4.78		10.77				9.92		22.31

		1.60		1.56				1.14		2.56				3.58		8.05				5.93		13.34				12.36		27.81

		1.70		1.62				1.37		3.09				4.37		9.84				7.28		16.38				15.26		34.33

												For the Peak SN Flux at Maximum Light

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		0.80		75.00		53		31400		0.014		0.35		8429		2.49E-12		1.48E-18		5.02E-03				2.07E-07		1.21E-01		0.90

		0.84		75.00		56		31400		0.014		0.35		8873		2.37E-12		1.38E-18		5.19E-03				1.64E-07		1.01E-01		1.00

		0.88		75.00		59		31400		0.014		0.35		9316		2.25E-12		1.29E-18		5.35E-03				1.46E-07		9.45E-02		1.10

		0.93		75.00		62		31400		0.014		0.35		9760		2.15E-12		1.21E-18		5.49E-03				1.04E-07		7.05E-02		1.20

		0.97		75.00		64		31400		0.014		0.35		10203		2.06E-12		1.13E-18		5.61E-03				5.99E-08		4.24E-02		1.30

		1.01		75.00		67		31400		0.014		0.35		10647		1.97E-12		1.06E-18		5.70E-03				6.90E-08		5.10E-02		1.40

		1.05		75.00		70		31400		0.014		0.35		11091		1.89E-12		9.87E-19		5.78E-03				5.46E-08		4.21E-02		1.50

		1.09		75.00		73		31400		0.014		0.35		11535		1.82E-12		9.22E-19		5.85E-03				6.25E-08		5.01E-02		1.60

		1.14		75.00		76		31400		0.014		0.35		11978		1.75E-12		8.62E-19		5.89E-03				4.13E-08		3.44E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 165 to 173

										Sources of Noise "current" in 2x2 pixels:														Time needed to achieve

		Int																						the listed S/N per

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		0.80		4		2		242		64.0		64.0		20.1		20		2.42E+02		12.26		0.18		0.42

		1000		0.84		4		2		202		64.0		64.0		20.8		19		2.02E+02		10.79		0.24		0.54

		1000		0.88		4		2		189		64.0		64.0		21.4		18		1.89E+02		10.27		0.26		0.59

		1000		0.93		4		2		141		64.0		64.0		22.0		17		1.41E+02		8.27		0.41		0.91

		1000		0.97		4		2		85		64.0		64.0		22.4		15		8.49E+01		5.53		0.91		2.04

		1000		1.01		4		2		102		64.0		64.0		22.8		16		1.02E+02		6.42		0.67		1.52

		1000		1.05		4		2		84		64.0		64.0		23.1		15		8.41E+01		5.48		0.92		2.08

		1000		1.09		4		2		100		64.0		64.0		23.4		16		1.00E+02		6.31		0.70		1.57

		1000		1.14		4		2		69		64.0		64.0		23.6		15		6.87E+01		4.63		1.30		2.92

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.90		0.80				0.18		0.42				0.49		1.10				0.76		1.71				1.47		3.30

		1.00		0.84				0.24		0.54				0.65		1.47				1.02		2.30				2.00		4.50

		1.10		0.88				0.26		0.59				0.73		1.63				1.15		2.58				2.25		5.06

		1.20		0.93				0.41		0.91				1.17		2.63				1.88		4.23				3.77		8.49

		1.30		0.97				0.91		2.04				2.80		6.30				4.61		10.38				9.55		21.49

		1.40		1.01				0.67		1.52				2.03		4.57				3.32		7.46				6.80		15.29

		1.50		1.05				0.92		2.08				2.85		6.42				4.70		10.57				9.73		21.89

		1.60		1.09				0.70		1.57				2.10		4.73				3.43		7.73				7.04		15.85

		1.70		1.14				1.30		2.92				4.10		9.22				6.80		15.31				14.22		32.00

						Note:  Increasing the individual integration time from 1000 to 2000 seconds only yields a 20% reduction

						in exposure time for the longest exposures.





SNAP ETC

		0.00

		0.00

		0.00

		0.00



0.00

0.00

0.00

0.00



NGST-ETC-SiII

		

		(10/17/2001) These are results from the NGST ETC for SN type Ia - the Si II feature.

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		15		100		0.72		2.91E+02		1.54E+02		5.03E+01		1.30E+02		3		4.50E+00		6.06E+00

		1.6		25.12		1.56		15		100		0.61		3.25E+02		1.45E+02		4.28E+01		1.10E+02		3		4.40E+00		5.12E+00

		1.5		24.99		1.50		15		100		0.51		3.66E+02		1.36E+02		3.60E+01		9.20E+01		2		4.40E+00		4.28E+00

		1.4		24.85		1.44		15		100		0.42		4.17E+02		1.27E+02		3.02E+01		7.60E+01		2		4.40E+00		3.55E+00

		1.3		24.70		1.38		15		100		0.35		4.79E+02		1.18E+02		2.50E+01		6.20E+01		2		4.40E+00		2.91E+00

		1.2		24.55		1.32		15		100		0.29		5.50E+02		1.10E+02		2.09E+01		5.10E+01		2		4.40E+00		2.41E+00

		1.1		24.38		1.26		15		100		0.23		6.43E+02		1.03E+02		1.71E+01		4.10E+01		1		4.40E+00		1.95E+00

		1.0		24.21		1.20		15		100		0.19		7.52E+02		9.58E+01		1.41E+01		3.30E+01		1		4.40E+00		1.58E+00

		0.9		24.00		1.14		15		100		0.14		9.12E+02		8.84E+01		1.10E+01		2.60E+01		1		4.40E+00		1.23E+00

		0.8		23.77		1.08		15		100		0.11		1.13E+03		8.16E+01		8.45E+00		1.90E+01		1		4.40E+00		9.39E-01

		0.7		23.51		1.02		15		100		0.08		1.43E+03		7.51E+01		6.27E+00		1.40E+01		1		4.40E+00		6.97E-01

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		10		100		0.32		2.91E+02		6.84E+01		2.23E+01		5.80E+01		2		4.50E+00		2.69E+00

		1.6		25.12		1.56		10		100		0.27		3.25E+02		6.44E+01		1.90E+01		4.90E+01		1		4.40E+00		2.28E+00

		1.5		24.99		1.50		10		100		0.23		3.66E+02		6.04E+01		1.60E+01		4.10E+01		1		4.40E+00		1.90E+00

		1.4		24.85		1.44		10		100		0.19		4.17E+02		5.63E+01		1.34E+01		3.40E+01		1		4.40E+00		1.58E+00

		1.3		24.70		1.38		10		100		0.15		4.79E+02		5.24E+01		1.11E+01		2.80E+01		1		4.40E+00		1.29E+00

		1.2		24.55		1.32		10		100		0.13		5.50E+02		4.90E+01		9.28E+00		2.30E+01		1		4.40E+00		1.07E+00

		1.1		24.38		1.26		10		100		0.10		6.43E+02		4.56E+01		7.60E+00		1.80E+01		1		4.40E+00		8.65E-01

		1.0		24.21		1.20		10		100		0.08		7.52E+02		4.26E+01		6.26E+00		1.50E+01		1		4.40E+00		7.04E-01

		0.9		24.00		1.14		10		100		0.06		9.12E+02		3.93E+01		4.90E+00		1.10E+01		1		4.40E+00		5.46E-01

		0.8		23.77		1.08		10		100		0.05		1.13E+03		3.63E+01		3.75E+00		8.60E+00		1		4.40E+00		4.17E-01

		0.7		23.51		1.02		10		100		0.04		1.43E+03		3.34E+01		2.79E+00		6.40E+00		1		4.40E+00		3.10E-01

		1.7		25.24		1.62		15		300		4.54		2.91E+02		3.24E+02		1.06E+02		8.20E+02		17		4.50E+00		1.28E+01

		1.6		25.12		1.56		15		300		3.77		3.25E+02		2.99E+02		8.84E+01		6.80E+02		14		4.40E+00		1.06E+01

		1.5		24.99		1.50		15		300		3.08		3.66E+02		2.74E+02		7.28E+01		5.60E+02		12		4.40E+00		8.64E+00

		1.4		24.85		1.44		15		300		2.49		4.17E+02		2.50E+02		5.95E+01		4.50E+02		9		4.40E+00		6.99E+00

		1.3		24.70		1.38		15		300		1.99		4.79E+02		2.26E+02		4.80E+01		3.60E+02		8		4.40E+00		5.59E+00

		1.2		24.55		1.32		15		300		1.60		5.50E+02		2.06E+02		3.90E+01		2.90E+02		6		4.40E+00		4.49E+00

		1.1		24.38		1.26		15		300		1.24		6.43E+02		1.85E+02		3.09E+01		2.20E+02		5		4.40E+00		3.52E+00

		1.0		24.21		1.20		15		300		0.97		7.52E+02		1.67E+02		2.46E+01		1.70E+02		4		4.40E+00		2.77E+00

		0.9		24.00		1.14		15		300		0.72		9.12E+02		1.48E+02		1.85E+01		1.30E+02		3		4.40E+00		2.06E+00

		0.8		23.77		1.08		15		300		0.52		1.13E+03		1.30E+02		1.35E+01		9.30E+01		2		4.40E+00		1.50E+00

		0.7		23.51		1.02		15		300		0.36		1.43E+03		1.14E+02		9.52E+00		6.50E+01		2		4.40E+00		1.06E+00

		1.7		25.24		1.62		10		300		2.02		2.91E+02		1.44E+02		4.70E+01		3.60E+02		8		4.50E+00		5.67E+00

		1.6		25.12		1.56		10		300		1.68		3.25E+02		1.33E+02		3.93E+01		3.00E+02		7		4.40E+00		4.70E+00

		1.5		24.99		1.50		10		300		1.37		3.66E+02		1.22E+02		3.24E+01		2.50E+02		5		4.40E+00		3.84E+00

		1.4		24.85		1.44		10		300		1.11		4.17E+02		1.11E+02		2.64E+01		2.00E+02		4		4.40E+00		3.11E+00

		1.3		24.70		1.38		10		300		0.88		4.79E+02		1.01E+02		2.13E+01		1.60E+02		4		4.40E+00		2.48E+00

		1.2		24.55		1.32		10		300		0.71		5.50E+02		9.16E+01		1.73E+01		1.30E+02		3		4.40E+00		2.00E+00

		1.1		24.38		1.26		10		300		0.55		6.43E+02		8.24E+01		1.37E+01		9.90E+01		2		4.40E+00		1.56E+00

		1.0		24.21		1.20		10		300		0.43		7.52E+02		7.44E+01		1.09E+01		7.80E+01		2		4.40E+00		1.23E+00

		0.9		24.00		1.14		10		300		0.32		9.12E+02		6.59E+01		8.21E+00		5.70E+01		2		4.40E+00		9.16E-01

		0.8		23.77		1.08		10		300		0.23		1.13E+03		5.80E+01		6.00E+00		4.10E+01		1		4.40E+00		6.67E-01

		0.7		23.51		1.02		10		300		0.16		1.43E+03		5.07E+01		4.23E+00		2.90E+01		1		4.40E+00		4.70E-01
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Sheet3

		

		(10/17/2001) These are results from the NGST ETC for SN type Ia - the peak of the energy distribution

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

				Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Self_Emn		Dark		N_Sp		N_Bk

		Z		(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)		(c/pix/e

		0.9		23.83		0.80		15		100		0.13		1.07E+03		8.69E+01		9.32E+00		1.12E+00		2.30E+01		1		4.20E+00

		1.0		24.03		0.84		15		100		0.16		8.87E+02		9.26E+01		1.22E+01		1.42E+00		2.90E+01		1		4.30E+00

		1.1		24.10		0.88		15		100		0.17		8.32E+02		9.47E+01		1.35E+01		1.55E+00		3.10E+01		1		4.30E+00

		1.2		24.42		0.93		15		100		0.27		6.19E+02		1.08E+02		2.10E+01		2.36E+00		4.80E+01		1		4.40E+00

		1.3		24.97		0.97		15		100		0.59		3.73E+02		1.45E+02		4.67E+01		5.22E+00		1.10E+02		3		4.40E+00

		1.4		24.77		1.01		15		100		0.44		4.49E+02		1.28E+02		3.43E+01		3.81E+00		7.80E+01		2		4.40E+00

		1.5		24.98		1.05		15		100		0.59		3.70E+02		1.44E+02		4.61E+01		5.12E+00		1.10E+02		3		4.40E+00

		1.6		24.79		1.09		15		100		0.44		4.41E+02		1.29E+02		3.40E+01		3.77E+00		7.80E+01		2		4.40E+00

		1.7		25.20		1.14		15		100		0.80		3.02E+02		1.63E+02		6.14E+01		6.85E+00		1.40E+02		3		4.40E+00

		0.9		23.83		0.80		10		100		0.06		1.07E+03		3.86E+01		4.14E+00		4.96E-01		1.00E+01		1		4.20E+00

		1.0		24.03		0.84		10		100		0.07		8.87E+02		4.12E+01		5.42E+00		6.33E-01		1.30E+01		1		4.30E+00

		1.1		24.10		0.88		10		100		0.08		8.32E+02		4.21E+01		5.99E+00		6.87E-01		1.40E+01		1		4.30E+00

		1.2		24.42		0.93		10		100		0.12		6.19E+02		4.82E+01		9.31E+00		1.05E+00		2.10E+01		1		4.40E+00

		1.3		24.97		0.97		10		100		0.26		3.73E+02		6.43E+01		2.07E+01		2.32E+00		4.70E+01		1		4.40E+00

		1.4		24.77		1.01		10		100		0.19		4.49E+02		5.70E+01		1.52E+01		1.70E+00		3.50E+01		1		4.40E+00

		1.5		24.98		1.05		10		100		0.26		3.70E+02		6.41E+01		2.05E+01		2.27E+00		4.70E+01		1		4.40E+00

		1.6		24.79		1.09		10		100		0.19		4.41E+02		5.72E+01		1.51E+01		1.68E+00		3.50E+01		1		4.40E+00

		1.7		25.20		1.14		10		100		0.35		3.02E+02		7.25E+01		2.73E+01		3.05E+00		6.40E+01		2		4.40E+00

		0.9		23.83		0.80		15		300		0.62		1.07E+03		1.42E+02		1.52E+01		1.83E+00		1.10E+02		3		4.20E+00

		1.0		24.03		0.84		15		300		0.81		8.87E+02		1.57E+02		2.07E+01		2.42E+00		1.50E+02		3		4.30E+00

		1.1		24.10		0.88		15		300		0.89		8.32E+02		1.63E+02		2.32E+01		2.67E+00		1.60E+02		4		4.30E+00

		1.2		24.42		0.93		15		300		1.47		6.19E+02		2.00E+02		3.86E+01		4.35E+00		2.60E+02		6		4.40E+00

		1.3		24.97		0.97		15		300		3.62		3.73E+02		2.95E+02		9.52E+01		1.06E+01		6.50E+02		14		4.40E+00

		1.4		24.77		1.01		15		300		2.57		4.49E+02		2.53E+02		6.75E+01		7.51E+00		4.60E+02		10		4.40E+00

		1.5		24.98		1.05		15		300		3.59		3.70E+02		2.94E+02		9.39E+01		1.04E+01		6.50E+02		13		4.40E+00

		1.6		24.79		1.09		15		300		2.57		4.41E+02		2.54E+02		6.69E+01		7.43E+00		4.60E+02		10		4.40E+00

		1.7		25.20		1.14		15		300		5.03		3.02E+02		3.44E+02		1.29E+02		1.44E+01		9.00E+02		19		4.40E+00

		0.9		23.83		0.80		10		300		0.28		1.07E+03		6.32E+01		6.77E+00		8.12E-01		4.90E+01		1		4.20E+00

		1.0		24.03		0.84		10		300		0.36		8.87E+02		6.99E+01		9.20E+00		1.07E+00		6.50E+01		2		4.30E+00

		1.1		24.10		0.88		10		300		0.40		8.32E+02		7.26E+01		1.03E+01		1.18E+00		7.20E+01		2		4.30E+00

		1.2		24.42		0.93		10		300		0.65		6.19E+02		8.87E+01		1.72E+01		1.93E+00		1.20E+02		3		4.40E+00

		1.3		24.97		0.97		10		300		1.61		3.73E+02		1.31E+02		4.23E+01		4.73E+00		2.90E+02		6		4.40E+00

		1.4		24.77		1.01		10		300		1.14		4.49E+02		1.12E+02		3.00E+01		3.34E+00		2.10E+02		5		4.40E+00

		1.5		24.98		1.05		10		300		1.59		3.70E+02		1.31E+02		4.17E+01		4.64E+00		2.90E+02		6		4.40E+00

		1.6		24.79		1.09		10		300		1.14		4.41E+02		1.13E+02		2.97E+01		3.30E+00		2.10E+02		5		4.40E+00

		1.7		25.20		1.14		10		300		2.23		3.02E+02		1.53E+02		5.75E+01		6.41E+00		4.00E+02		9		4.40E+00
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		Subject: Peter's signal-to-noise requirements

		Date: Thu, 18 Oct 2001 17:20:37 -0700

		From: Michael Levi <melevi@lbl.gov>

		Organization: Lawrence Berkeley National Laboratory

		To: "Jay A. Frogel" <jafrogel@lbl.gov>

		Hi Gary,

		When we were writing the original SNAP proposal Peter Nugent provided

		me with a table of RMS velocity error resulting from different

		combinations of resolution and S/N for his simulations of fitting

		Gaussian absorption line profiles, which I then used to construct

		Figure 10.2.  The table is given below. I took D(lam) as the wavelength

		spacing between independent samples (i.e. resolution elements),

		consistent with how Peter told me he performed the simulations. Since

		our bluest lines are at ~ 4000A, I calculated the resolution as

		4000/D(lam).

		The results only include Gaussian statistical errors. No uncertainty due

		to systematic differences amongst absorption line profiles has been

		included.

		Greg

		# From nugent@lilys.lbl.gov Thu Nov 18 05:10 PST 1999

		# Date: Thu, 18 Nov 1999 05:10:28 -0800 (PST)

		Values below are from the above message by Nugent to Aldering.

		For a given S/N and resolution (assume two pixels) they give the RMS error

		in veloicty for fitting Gaussian line profiles (see above)

		D(lam) is in Angstroms at 4000A

		S/N		D(km/s)

				D(lam)=5		D(lam)=10		D(lam)=15		D(lam)=20		D(lam)=25		D(lam)=50								D(km/s)		250.00

		5		489		815		1000		1135		1177

		10		172		313		423		564		680						Res		D(lam)		S/N needed for D(km/s) given above

		15		98		163		240		317		380		575				800		5		7.90

		20		73		111		154		201		238						400		10		11.54

		25		59		82		109		139		174		291				267		15		14.16

		30		52		68		88		109		133						200		20		17.29

		35		47		59		75		88		108		189				160		25		19.65

		50												113				80		50		27.99

																				y = 1.8146x0.5812

																				y = 2.0987x0.5372

																				y = 3.222x0.5555
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		0.00
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		work book to make table for msword document

						NGST Spectroscopic Exposure Times for Si II Feature in Type Ia SN at Maximum

												Resolution = 100										Resolution = 300

												Exp										Exp

				Mag		Wave		SN				Time		SN		Zodi		Dark				Time		SN		Zodi		Dark

		Z		(AB)		(mn)		(nano-Jy)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)

		1.7		25.24		1.62		2.91E+02				0.72		1.54E+02		5.03E+01		1.30E+02				4.54		3.24E+02		1.06E+02		8.20E+02

		1.6		25.12		1.56		3.25E+02				0.61		1.45E+02		4.28E+01		1.10E+02				3.77		2.99E+02		8.84E+01		6.80E+02

		1.5		24.99		1.50		3.66E+02				0.51		1.36E+02		3.60E+01		9.20E+01				3.08		2.74E+02		7.28E+01		5.60E+02

		1.4		24.85		1.44		4.17E+02				0.42		1.27E+02		3.02E+01		7.60E+01				2.49		2.50E+02		5.95E+01		4.50E+02

		1.3		24.70		1.38		4.79E+02				0.35		1.18E+02		2.50E+01		6.20E+01				1.99		2.26E+02		4.80E+01		3.60E+02

		1.2		24.55		1.32		5.50E+02				0.29		1.10E+02		2.09E+01		5.10E+01				1.60		2.06E+02		3.90E+01		2.90E+02

		1.1		24.38		1.26		6.43E+02				0.23		1.03E+02		1.71E+01		4.10E+01				1.24		1.85E+02		3.09E+01		2.20E+02

		1.0		24.21		1.20		7.52E+02				0.19		9.58E+01		1.41E+01		3.30E+01				0.97		1.67E+02		2.46E+01		1.70E+02

		0.9		24.00		1.14		9.12E+02				0.14		8.84E+01		1.10E+01		2.60E+01				0.72		1.48E+02		1.85E+01		1.30E+02

		0.8		23.77		1.08		1.13E+03				0.11		8.16E+01		8.45E+00		1.90E+01				0.52		1.30E+02		1.35E+01		9.30E+01

		0.7		23.51		1.02		1.43E+03				0.08		7.51E+01		6.27E+00		1.40E+01				0.36		1.14E+02		9.52E+00		6.50E+01

						NGST Spectroscopic Exposure Times for Peak Flux Point in Type Ia SN at Maximum

												Resolution = 100										Resolution = 300

												Exp										Exp

				Mag		Wave		SN				Time		SN		Zodi		Dark				Time		SN		Zodi		Dark

		Z		(AB)		(mn)		(nano-Jy)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)

		0.9		23.83		0.80		1.07E+03				0.13		8.69E+01		9.32E+00		2.30E+01				0.62		1.42E+02		1.52E+01		1.10E+02

		1.0		24.03		0.84		8.87E+02				0.16		9.26E+01		1.22E+01		2.90E+01				0.81		1.57E+02		2.07E+01		1.50E+02

		1.1		24.10		0.88		8.32E+02				0.17		9.47E+01		1.35E+01		3.10E+01				0.89		1.63E+02		2.32E+01		1.60E+02

		1.2		24.42		0.93		6.19E+02				0.27		1.08E+02		2.10E+01		4.80E+01				1.47		2.00E+02		3.86E+01		2.60E+02

		1.3		24.97		0.97		3.73E+02				0.59		1.45E+02		4.67E+01		1.10E+02				3.62		2.95E+02		9.52E+01		6.50E+02

		1.4		24.77		1.01		4.49E+02				0.44		1.28E+02		3.43E+01		7.80E+01				2.57		2.53E+02		6.75E+01		4.60E+02

		1.5		24.98		1.05		3.70E+02				0.59		1.44E+02		4.61E+01		1.10E+02				3.59		2.94E+02		9.39E+01		6.50E+02

		1.6		24.79		1.09		4.41E+02				0.44		1.29E+02		3.40E+01		7.80E+01				2.57		2.54E+02		6.69E+01		4.60E+02

		1.7		25.20		1.14		3.02E+02				0.80		1.63E+02		6.14E+01		1.40E+02				5.03		3.44E+02		1.29E+02		9.00E+02
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		1.70		0.32		4.54		2.02

		1.60		0.27		3.77		1.68

		1.50		0.23		3.08		1.37

		1.40		0.19		2.49		1.11

		1.30		0.15		1.99		0.88

		1.20		0.13		1.60		0.71

		1.10		0.10		1.24		0.55

		1.00		0.08		0.97		0.43

		0.90		0.06		0.72		0.32

		0.80		0.05		0.52		0.23

		0.70		0.04		0.36		0.16
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SNAP ETC

		History:

		Originally done by JAF at SNOWMASS, 2001.

		28 Sept. 2001 - revisons by JAF

		These numbers (col. B) are from Alex Kim.  They are Vega magnitudes

		(not AB) of the SiII feature (roughly the shoulder) in type Ia SN.

		Z = redshift

		lambda = observed wavelength at a Z given by col. 1.

		mag (Vega) is the observed magnitude at the lambda of observation.

		The last 4 lines of col C are the IJHK filter centers.  Col. D gives the AB-Vega magnitude

		diference calculated from the NGST web page for these 4 filters.  The graph to the right shows the linear fit

		between these deltas and the wavelength.  Col. E. gives the delta values calcualted from the lienar fit.

		Col. F. gives the AB magnitudes from cols. B and E.

		Col. G gives the photon flux calculated from the AB mags and the NICMOS web page

		The numbers in Col H. are also from Alex.  These are Vega magnitudes (not AB) at the

		peak of the energy distribution when the SN is at max light at the OBSERVED wavelengths

		given in col I as a function of Z in col A.

		Col. J is the difference between the AB and Vega mags as a function of lambda.

		Col. K are the AB mags, and col L give the photon fluxes calculated from the AB mags

		and the NICMOS web page.  These photon fluxes are in closer (5%) agreement with

		numbers calcualted independently by Alex.

				mag		lambda		AB-Vega		AB-Vega				photons/

		Z		(Vega)				fm. NICMOS		fm. fit				cm^2/sec/		Vega mag		lambda		AB-Vega

														Ang						fm. fit

		0.10		18.69		6611								at peak		19.17		4625		0.20

		0.20		20.19		7212										20.45		5046		0.24

		0.30		21.00		7813										21.27		5466		0.28

		0.40		21.55		8414				0.58						21.85		5887		0.32

		0.50		21.96		9015				0.64						22.28		6307		0.37

		0.60		22.47		9616				0.70						22.86		6728		0.41

		0.70		22.74		10217		1.02		0.77		23.51		2.17E-07		22.88		7148		0.45

		0.80		22.94		10818		1.08		0.83		23.77		1.62E-07		22.98		7569		0.50

		0.90		23.11		11419		1.14		0.89		24.00		1.24E-07		23.29		7989		0.54		23.83		2.07E-07

		1.00		23.26		12020		1.20		0.95		24.21		9.70E-08		23.45		8410		0.58		24.03		1.64E-07

		1.10		23.37		12621		1.26		1.01		24.38		7.90E-08		23.48		8830		0.62		24.10		1.46E-07

		1.20		23.48		13222		1.32		1.07		24.55		6.76E-08		23.75		9251		0.67		24.42		1.04E-07

		1.30		23.57		13823		1.38		1.13		24.70		5.37E-08		24.26		9671		0.71		24.97		5.99E-08

		1.40		23.65		14424		1.44		1.19		24.85		4.48E-08		24.02		10092		0.75		24.77		6.90E-08

		1.50		23.73		15025		1.50		1.26		24.99		3.78E-08		24.19		10512		0.80		24.98		5.46E-08

		1.60		23.80		15626		1.56		1.32		25.12		3.23E-08		23.95		10933		0.84		24.79		6.25E-08

		1.70		23.86		16227		1.62		1.38		25.24		2.78E-08		24.31		11353		0.88		25.20		4.13E-08

						2.20		1.96		1.97

						1.65		1.42		1.41

						1.25		0.99		1.00

						0.80		0.54		0.54

				Constants used below

				Changes to the IR... Values

				will be reflected in the

				calculations

				C_		3.00E+10				cm/sec

				H_		6.63E-27				erg sec

				IRdark1		1.60E-02				e/pix/sec

				IRread1		4.00E+00				/pix

				IRdark2		1.60E-02				e/pix/sec

				IRread2		4.00E+00				/pix

				OTA		0.05				e/pix/sec

																						SN		SN: photons

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				cm^2/sec/		/sec/pix

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/		Vega mag		Ang

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)		at lambda		at peak

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		150.00		37		31400		0.014		0.35		5803		1.81E-12		9.12E-19		2.93E-03		24.25		5.38E-08		2.17E-02

		1.65		150.00		55		31400		0.014		0.35		8704		1.21E-12		3.76E-19		2.71E-03		23.87		2.54E-08		1.54E-02

		1.10		75.00		73		31400		0.014		0.35		11605		1.81E-12		9.12E-19		5.85E-03		24.25		5.38E-08		4.34E-02

		1.65		75.00		110		31400		0.014		0.35		17408		1.21E-12		3.76E-19		5.43E-03		23.87		2.54E-08		3.07E-02

		1.10		100.00		55		282600		0.010		0.28		43520		1.81E-12		9.12E-19		2.20E-02		24.25		5.38E-08		2.34E-01		NGST values

		1.65		100.00		83		282600		0.010		0.28		65281		1.21E-12		3.76E-19		2.04E-02		23.87		2.54E-08		1.66E-01		NGST values

				Note:  In spectroscopic mode, SN flux has Npix=2, not 4 since in spatial direction you are

				just spreading the flux over two pixels per pixel in dispersion direction

																								Time needed to achieve

										Sources of Noise "current" in 2x2 pixels:														the listed S/N per

		Int																						resolution element (I.e. 2x2 pixels)

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

												These two use IRread1 & IRdark1 and the numbers on rows 70 and 71

																								(hours)		(hours)

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 72 and 73

		2000		1.10		4		2		87		64.0		128.0		23.4		17		8.67E+01		4.99		2.23		5.02

		2000		1.65		4		2		61		64.0		128.0		21.7		17		6.14E+01		3.70		4.05		9.12

												These two use IRread1 & IRdark2 and the numbers on rows  74 and 75

		1000		1.10		4		2		87		64.0		64.0		23.4		15		8.67E+01		5.62		0.88		1.98

		1000		1.65		4		2		61		64.0		64.0		21.7		15		6.14E+01		4.23		1.55		3.50

												These two use IRread2 & IRdark2 and the numbers on rows 76 and 77

		1000		1.10		4		2		468		64.0		64.0		87.8		26		4.68E+02		17.90		0.09		0.19

		1000		1.65		4		2		332		64.0		64.0		81.4		23		3.32E+02		14.26		0.14		0.31

												For the Si II Feature:

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		1.02		75.00		68		31400		0.014		0.35		10779		1.95E-12		1.03E-18		5.73E-03				2.17E-07		1.62E-01		0.70

		1.08		75.00		72		31400		0.014		0.35		11413		1.84E-12		9.39E-19		5.83E-03				1.62E-07		1.28E-01		0.80

		1.14		75.00		76		31400		0.014		0.35		12048		1.74E-12		8.52E-19		5.90E-03				1.24E-07		1.04E-01		0.90

		1.20		75.00		80		31400		0.014		0.35		12682		1.65E-12		7.74E-19		5.93E-03				9.70E-08		8.54E-02		1.00

		1.26		75.00		84		31400		0.014		0.35		13316		1.58E-12		7.02E-19		5.93E-03				7.90E-08		7.31E-02		1.10

		1.32		75.00		88		31400		0.014		0.35		13950		1.50E-12		6.37E-19		5.91E-03				6.76E-08		6.55E-02		1.20

		1.38		75.00		92		31400		0.014		0.35		14584		1.44E-12		5.79E-19		5.86E-03				5.37E-08		5.44E-02		1.30

		1.44		75.00		96		31400		0.014		0.35		15218		1.38E-12		5.25E-19		5.80E-03				4.48E-08		4.73E-02		1.40

		1.50		75.00		100		31400		0.014		0.35		15852		1.32E-12		4.77E-19		5.71E-03				3.78E-08		4.16E-02		1.50

		1.56		75.00		104		31400		0.014		0.35		16486		1.27E-12		4.33E-19		5.60E-03				3.23E-08		3.70E-02		1.60

		1.62		75.00		108		31400		0.014		0.35		17120		1.23E-12		3.93E-19		5.49E-03				2.78E-08		3.31E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 110 to 120

										Sources of Noise "current" in 2x2 pixels:																Time needed to achieve

		Int																								the listed S/N per

		time				N(pix)		N(pix)								background				TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		OTA		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		1.02		4		2		325		64.0		64.0		200		22.9		26		3.25E+02		12.50		0.18		0.40		0.28

		1000		1.08		4		2		257		64.0		64.0		200		23.3		25		2.57E+02		10.41		0.26		0.58		0.39

		1000		1.14		4		2		207		64.0		64.0		200		23.6		24		2.07E+02		8.78		0.36		0.81		0.52

		1000		1.20		4		2		171		64.0		64.0		200		23.7		23		1.71E+02		7.47		0.50		1.12		0.69

		1000		1.26		4		2		146		64.0		64.0		200		23.7		22		1.46E+02		6.55		0.65		1.46		0.87

		1000		1.32		4		2		131		64.0		64.0		200		23.6		22		1.31E+02		5.96		0.78		1.76		1.03

		1000		1.38		4		2		109		64.0		64.0		200		23.5		21		1.09E+02		5.07		1.08		2.43		1.37

		1000		1.44		4		2		95		64.0		64.0		200		23.2		21		9.47E+01		4.48		1.38		3.11		1.71

		1000		1.50		4		2		83		64.0		64.0		200		22.8		21		8.32E+01		3.99		1.74		3.92		2.11

		1000		1.56		4		2		74		64.0		64.0		200		22.4		21		7.40E+01		3.59		2.16		4.85		2.56

		1000		1.62		4		2		66		64.0		64.0		200		21.9		20		6.61E+01		3.24		2.64		5.95		3.09

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.70		1.02				0.13		0.28				0.32		0.72				0.48		1.09				0.91		2.04

		0.80		1.08				0.17		0.39				0.45		1.02				0.70		1.57				1.33		3.00

		0.90		1.14				0.23		0.52				0.63		1.41				0.98		2.22				1.92		4.32

		1.00		1.20				0.31		0.69				0.86		1.93				1.36		3.06				2.69		6.05

		1.10		1.26				0.39		0.87				1.11		2.49				1.77		3.99				3.55		7.99

		1.20		1.32				0.46		1.03				1.33		2.99				2.14		4.82				4.32		9.72

		1.30		1.38				0.61		1.37				1.82		4.10				2.96		6.67				6.05		13.61

		1.40		1.44				0.76		1.71				2.32		5.21				3.79		8.54				7.81		17.56

		1.50		1.50				0.94		2.11				2.90		6.53				4.78		10.77				9.92		22.31

		1.60		1.56				1.14		2.56				3.58		8.05				5.93		13.34				12.36		27.81

		1.70		1.62				1.37		3.09				4.37		9.84				7.28		16.38				15.26		34.33

												For the Peak SN Flux at Maximum Light

		observed		spectral				mirror		pixel		total				energy/		Zodi		Zodi				SN: photons

		lambda		resolu-		Ang/		area		area		thruput		CxDxExF		photon		ergs/cm^2/		(photons/				cm^2/sec/		/sec/pix		Z

		(micron)		tion		pixel		(cm^2)		(arcsec)						(ergs)		A/arcsec^2		pix/sec)				Ang (peak)

		0.80		75.00		53		31400		0.014		0.35		8429		2.49E-12		1.48E-18		5.02E-03				2.07E-07		1.21E-01		0.90

		0.84		75.00		56		31400		0.014		0.35		8873		2.37E-12		1.38E-18		5.19E-03				1.64E-07		1.01E-01		1.00

		0.88		75.00		59		31400		0.014		0.35		9316		2.25E-12		1.29E-18		5.35E-03				1.46E-07		9.45E-02		1.10

		0.93		75.00		62		31400		0.014		0.35		9760		2.15E-12		1.21E-18		5.49E-03				1.04E-07		7.05E-02		1.20

		0.97		75.00		64		31400		0.014		0.35		10203		2.06E-12		1.13E-18		5.61E-03				5.99E-08		4.24E-02		1.30

		1.01		75.00		67		31400		0.014		0.35		10647		1.97E-12		1.06E-18		5.70E-03				6.90E-08		5.10E-02		1.40

		1.05		75.00		70		31400		0.014		0.35		11091		1.89E-12		9.87E-19		5.78E-03				5.46E-08		4.21E-02		1.50

		1.09		75.00		73		31400		0.014		0.35		11535		1.82E-12		9.22E-19		5.85E-03				6.25E-08		5.01E-02		1.60

		1.14		75.00		76		31400		0.014		0.35		11978		1.75E-12		8.62E-19		5.89E-03				4.13E-08		3.44E-02		1.70

						These use IRread1 & IRdark1 and the numbers on rows 165 to 173

										Sources of Noise "current" in 2x2 pixels:														Time needed to achieve

		Int																						the listed S/N per

		time				N(pix)		N(pix)										TOTAL		Signal		Sig/Noise		resolution element (I.e. 2x2 pixels)

		(sec)		lambda				SN		SN:		read		dark		Zodi		NOISE		from SN:		in Int Time		S/N=10:		S/N=15:

		1000		0.80		4		2		242		64.0		64.0		20.1		20		2.42E+02		12.26		0.18		0.42

		1000		0.84		4		2		202		64.0		64.0		20.8		19		2.02E+02		10.79		0.24		0.54

		1000		0.88		4		2		189		64.0		64.0		21.4		18		1.89E+02		10.27		0.26		0.59

		1000		0.93		4		2		141		64.0		64.0		22.0		17		1.41E+02		8.27		0.41		0.91

		1000		0.97		4		2		85		64.0		64.0		22.4		15		8.49E+01		5.53		0.91		2.04

		1000		1.01		4		2		102		64.0		64.0		22.8		16		1.02E+02		6.42		0.67		1.52

		1000		1.05		4		2		84		64.0		64.0		23.1		15		8.41E+01		5.48		0.92		2.08

		1000		1.09		4		2		100		64.0		64.0		23.4		16		1.00E+02		6.31		0.70		1.57

		1000		1.14		4		2		69		64.0		64.0		23.6		15		6.87E+01		4.63		1.30		2.92

						Time (hours) needed to achieve the S/N per resolution element (2 x 2 pixels) with 1000 second exposures

						for different spectroscopic resolutions, I.e. lambda/(delta lambda) , in two pixels:

								R = 75						R = 150						R = 200						R = 300

		Z		lambda				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:				S/N=10:		S/N=15:

		0.90		0.80				0.18		0.42				0.49		1.10				0.76		1.71				1.47		3.30

		1.00		0.84				0.24		0.54				0.65		1.47				1.02		2.30				2.00		4.50

		1.10		0.88				0.26		0.59				0.73		1.63				1.15		2.58				2.25		5.06

		1.20		0.93				0.41		0.91				1.17		2.63				1.88		4.23				3.77		8.49

		1.30		0.97				0.91		2.04				2.80		6.30				4.61		10.38				9.55		21.49

		1.40		1.01				0.67		1.52				2.03		4.57				3.32		7.46				6.80		15.29

		1.50		1.05				0.92		2.08				2.85		6.42				4.70		10.57				9.73		21.89

		1.60		1.09				0.70		1.57				2.10		4.73				3.43		7.73				7.04		15.85

		1.70		1.14				1.30		2.92				4.10		9.22				6.80		15.31				14.22		32.00

						Note:  Increasing the individual integration time from 1000 to 2000 seconds only yields a 20% reduction

						in exposure time for the longest exposures.
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NGST-ETC-SiII

		

		(10/17/2001) These are results from the NGST ETC for SN type Ia - the Si II feature.

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		15		100		0.72		2.91E+02		1.54E+02		5.03E+01		1.30E+02		3		4.50E+00		6.06E+00

		1.6		25.12		1.56		15		100		0.61		3.25E+02		1.45E+02		4.28E+01		1.10E+02		3		4.40E+00		5.12E+00

		1.5		24.99		1.50		15		100		0.51		3.66E+02		1.36E+02		3.60E+01		9.20E+01		2		4.40E+00		4.28E+00

		1.4		24.85		1.44		15		100		0.42		4.17E+02		1.27E+02		3.02E+01		7.60E+01		2		4.40E+00		3.55E+00

		1.3		24.70		1.38		15		100		0.35		4.79E+02		1.18E+02		2.50E+01		6.20E+01		2		4.40E+00		2.91E+00

		1.2		24.55		1.32		15		100		0.29		5.50E+02		1.10E+02		2.09E+01		5.10E+01		2		4.40E+00		2.41E+00

		1.1		24.38		1.26		15		100		0.23		6.43E+02		1.03E+02		1.71E+01		4.10E+01		1		4.40E+00		1.95E+00

		1.0		24.21		1.20		15		100		0.19		7.52E+02		9.58E+01		1.41E+01		3.30E+01		1		4.40E+00		1.58E+00

		0.9		24.00		1.14		15		100		0.14		9.12E+02		8.84E+01		1.10E+01		2.60E+01		1		4.40E+00		1.23E+00

		0.8		23.77		1.08		15		100		0.11		1.13E+03		8.16E+01		8.45E+00		1.90E+01		1		4.40E+00		9.39E-01

		0.7		23.51		1.02		15		100		0.08		1.43E+03		7.51E+01		6.27E+00		1.40E+01		1		4.40E+00		6.97E-01

		Z		Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Dark		N_Sp		N_Bk		Self_Emn

				(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)						(c/pix/e)

		1.7		25.24		1.62		10		100		0.32		2.91E+02		6.84E+01		2.23E+01		5.80E+01		2		4.50E+00		2.69E+00

		1.6		25.12		1.56		10		100		0.27		3.25E+02		6.44E+01		1.90E+01		4.90E+01		1		4.40E+00		2.28E+00

		1.5		24.99		1.50		10		100		0.23		3.66E+02		6.04E+01		1.60E+01		4.10E+01		1		4.40E+00		1.90E+00

		1.4		24.85		1.44		10		100		0.19		4.17E+02		5.63E+01		1.34E+01		3.40E+01		1		4.40E+00		1.58E+00

		1.3		24.70		1.38		10		100		0.15		4.79E+02		5.24E+01		1.11E+01		2.80E+01		1		4.40E+00		1.29E+00

		1.2		24.55		1.32		10		100		0.13		5.50E+02		4.90E+01		9.28E+00		2.30E+01		1		4.40E+00		1.07E+00

		1.1		24.38		1.26		10		100		0.10		6.43E+02		4.56E+01		7.60E+00		1.80E+01		1		4.40E+00		8.65E-01

		1.0		24.21		1.20		10		100		0.08		7.52E+02		4.26E+01		6.26E+00		1.50E+01		1		4.40E+00		7.04E-01

		0.9		24.00		1.14		10		100		0.06		9.12E+02		3.93E+01		4.90E+00		1.10E+01		1		4.40E+00		5.46E-01

		0.8		23.77		1.08		10		100		0.05		1.13E+03		3.63E+01		3.75E+00		8.60E+00		1		4.40E+00		4.17E-01

		0.7		23.51		1.02		10		100		0.04		1.43E+03		3.34E+01		2.79E+00		6.40E+00		1		4.40E+00		3.10E-01

		1.7		25.24		1.62		15		300		4.54		2.91E+02		3.24E+02		1.06E+02		8.20E+02		17		4.50E+00		1.28E+01

		1.6		25.12		1.56		15		300		3.77		3.25E+02		2.99E+02		8.84E+01		6.80E+02		14		4.40E+00		1.06E+01

		1.5		24.99		1.50		15		300		3.08		3.66E+02		2.74E+02		7.28E+01		5.60E+02		12		4.40E+00		8.64E+00

		1.4		24.85		1.44		15		300		2.49		4.17E+02		2.50E+02		5.95E+01		4.50E+02		9		4.40E+00		6.99E+00

		1.3		24.70		1.38		15		300		1.99		4.79E+02		2.26E+02		4.80E+01		3.60E+02		8		4.40E+00		5.59E+00

		1.2		24.55		1.32		15		300		1.60		5.50E+02		2.06E+02		3.90E+01		2.90E+02		6		4.40E+00		4.49E+00

		1.1		24.38		1.26		15		300		1.24		6.43E+02		1.85E+02		3.09E+01		2.20E+02		5		4.40E+00		3.52E+00

		1.0		24.21		1.20		15		300		0.97		7.52E+02		1.67E+02		2.46E+01		1.70E+02		4		4.40E+00		2.77E+00

		0.9		24.00		1.14		15		300		0.72		9.12E+02		1.48E+02		1.85E+01		1.30E+02		3		4.40E+00		2.06E+00

		0.8		23.77		1.08		15		300		0.52		1.13E+03		1.30E+02		1.35E+01		9.30E+01		2		4.40E+00		1.50E+00

		0.7		23.51		1.02		15		300		0.36		1.43E+03		1.14E+02		9.52E+00		6.50E+01		2		4.40E+00		1.06E+00

		1.7		25.24		1.62		10		300		2.02		2.91E+02		1.44E+02		4.70E+01		3.60E+02		8		4.50E+00		5.67E+00

		1.6		25.12		1.56		10		300		1.68		3.25E+02		1.33E+02		3.93E+01		3.00E+02		7		4.40E+00		4.70E+00

		1.5		24.99		1.50		10		300		1.37		3.66E+02		1.22E+02		3.24E+01		2.50E+02		5		4.40E+00		3.84E+00

		1.4		24.85		1.44		10		300		1.11		4.17E+02		1.11E+02		2.64E+01		2.00E+02		4		4.40E+00		3.11E+00

		1.3		24.70		1.38		10		300		0.88		4.79E+02		1.01E+02		2.13E+01		1.60E+02		4		4.40E+00		2.48E+00

		1.2		24.55		1.32		10		300		0.71		5.50E+02		9.16E+01		1.73E+01		1.30E+02		3		4.40E+00		2.00E+00

		1.1		24.38		1.26		10		300		0.55		6.43E+02		8.24E+01		1.37E+01		9.90E+01		2		4.40E+00		1.56E+00

		1.0		24.21		1.20		10		300		0.43		7.52E+02		7.44E+01		1.09E+01		7.80E+01		2		4.40E+00		1.23E+00

		0.9		24.00		1.14		10		300		0.32		9.12E+02		6.59E+01		8.21E+00		5.70E+01		2		4.40E+00		9.16E-01

		0.8		23.77		1.08		10		300		0.23		1.13E+03		5.80E+01		6.00E+00		4.10E+01		1		4.40E+00		6.67E-01

		0.7		23.51		1.02		10		300		0.16		1.43E+03		5.07E+01		4.23E+00		2.90E+01		1		4.40E+00		4.70E-01
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		(10/17/2001) These are results from the NGST ETC for SN type Ia - the peak of the energy distribution

		NGST standard values for read (50 e-/read) current and dark current (5 e-/pix/sec) are assumed

		Position for pointing was taken as RA=270 and Dec = +60 for all test exposures.

		For each step in 0.1 in redshift I have calculated the time required for two values

		of S/N and two values for the spectral resoltuion.

		(c/pix/e) stands for counts per pixel per exposure.

				Mag		Wave		S/N		Spec		Exp_Time		Targ_Brt		Targ_Brt		Zodi_Bck		Self_Emn		Dark		N_Sp		N_Bk

		Z		(AB)		(mn)				Res		(hrs)		(nano-Jy)		(c/pix/e)		(c/pix/e)		(c/pix/e)		(c/pix/e

		0.9		23.83		0.80		15		100		0.13		1.07E+03		8.69E+01		9.32E+00		1.12E+00		2.30E+01		1		4.20E+00

		1.0		24.03		0.84		15		100		0.16		8.87E+02		9.26E+01		1.22E+01		1.42E+00		2.90E+01		1		4.30E+00

		1.1		24.10		0.88		15		100		0.17		8.32E+02		9.47E+01		1.35E+01		1.55E+00		3.10E+01		1		4.30E+00

		1.2		24.42		0.93		15		100		0.27		6.19E+02		1.08E+02		2.10E+01		2.36E+00		4.80E+01		1		4.40E+00

		1.3		24.97		0.97		15		100		0.59		3.73E+02		1.45E+02		4.67E+01		5.22E+00		1.10E+02		3		4.40E+00

		1.4		24.77		1.01		15		100		0.44		4.49E+02		1.28E+02		3.43E+01		3.81E+00		7.80E+01		2		4.40E+00

		1.5		24.98		1.05		15		100		0.59		3.70E+02		1.44E+02		4.61E+01		5.12E+00		1.10E+02		3		4.40E+00

		1.6		24.79		1.09		15		100		0.44		4.41E+02		1.29E+02		3.40E+01		3.77E+00		7.80E+01		2		4.40E+00

		1.7		25.20		1.14		15		100		0.80		3.02E+02		1.63E+02		6.14E+01		6.85E+00		1.40E+02		3		4.40E+00

		0.9		23.83		0.80		10		100		0.06		1.07E+03		3.86E+01		4.14E+00		4.96E-01		1.00E+01		1		4.20E+00

		1.0		24.03		0.84		10		100		0.07		8.87E+02		4.12E+01		5.42E+00		6.33E-01		1.30E+01		1		4.30E+00

		1.1		24.10		0.88		10		100		0.08		8.32E+02		4.21E+01		5.99E+00		6.87E-01		1.40E+01		1		4.30E+00

		1.2		24.42		0.93		10		100		0.12		6.19E+02		4.82E+01		9.31E+00		1.05E+00		2.10E+01		1		4.40E+00

		1.3		24.97		0.97		10		100		0.26		3.73E+02		6.43E+01		2.07E+01		2.32E+00		4.70E+01		1		4.40E+00

		1.4		24.77		1.01		10		100		0.19		4.49E+02		5.70E+01		1.52E+01		1.70E+00		3.50E+01		1		4.40E+00

		1.5		24.98		1.05		10		100		0.26		3.70E+02		6.41E+01		2.05E+01		2.27E+00		4.70E+01		1		4.40E+00

		1.6		24.79		1.09		10		100		0.19		4.41E+02		5.72E+01		1.51E+01		1.68E+00		3.50E+01		1		4.40E+00

		1.7		25.20		1.14		10		100		0.35		3.02E+02		7.25E+01		2.73E+01		3.05E+00		6.40E+01		2		4.40E+00

		0.9		23.83		0.80		15		300		0.62		1.07E+03		1.42E+02		1.52E+01		1.83E+00		1.10E+02		3		4.20E+00

		1.0		24.03		0.84		15		300		0.81		8.87E+02		1.57E+02		2.07E+01		2.42E+00		1.50E+02		3		4.30E+00

		1.1		24.10		0.88		15		300		0.89		8.32E+02		1.63E+02		2.32E+01		2.67E+00		1.60E+02		4		4.30E+00

		1.2		24.42		0.93		15		300		1.47		6.19E+02		2.00E+02		3.86E+01		4.35E+00		2.60E+02		6		4.40E+00

		1.3		24.97		0.97		15		300		3.62		3.73E+02		2.95E+02		9.52E+01		1.06E+01		6.50E+02		14		4.40E+00

		1.4		24.77		1.01		15		300		2.57		4.49E+02		2.53E+02		6.75E+01		7.51E+00		4.60E+02		10		4.40E+00

		1.5		24.98		1.05		15		300		3.59		3.70E+02		2.94E+02		9.39E+01		1.04E+01		6.50E+02		13		4.40E+00

		1.6		24.79		1.09		15		300		2.57		4.41E+02		2.54E+02		6.69E+01		7.43E+00		4.60E+02		10		4.40E+00

		1.7		25.20		1.14		15		300		5.03		3.02E+02		3.44E+02		1.29E+02		1.44E+01		9.00E+02		19		4.40E+00

		0.9		23.83		0.80		10		300		0.28		1.07E+03		6.32E+01		6.77E+00		8.12E-01		4.90E+01		1		4.20E+00

		1.0		24.03		0.84		10		300		0.36		8.87E+02		6.99E+01		9.20E+00		1.07E+00		6.50E+01		2		4.30E+00

		1.1		24.10		0.88		10		300		0.40		8.32E+02		7.26E+01		1.03E+01		1.18E+00		7.20E+01		2		4.30E+00

		1.2		24.42		0.93		10		300		0.65		6.19E+02		8.87E+01		1.72E+01		1.93E+00		1.20E+02		3		4.40E+00

		1.3		24.97		0.97		10		300		1.61		3.73E+02		1.31E+02		4.23E+01		4.73E+00		2.90E+02		6		4.40E+00

		1.4		24.77		1.01		10		300		1.14		4.49E+02		1.12E+02		3.00E+01		3.34E+00		2.10E+02		5		4.40E+00

		1.5		24.98		1.05		10		300		1.59		3.70E+02		1.31E+02		4.17E+01		4.64E+00		2.90E+02		6		4.40E+00

		1.6		24.79		1.09		10		300		1.14		4.41E+02		1.13E+02		2.97E+01		3.30E+00		2.10E+02		5		4.40E+00

		1.7		25.20		1.14		10		300		2.23		3.02E+02		1.53E+02		5.75E+01		6.41E+00		4.00E+02		9		4.40E+00
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		Subject: Peter's signal-to-noise requirements

		Date: Thu, 18 Oct 2001 17:20:37 -0700

		From: Michael Levi <melevi@lbl.gov>

		Organization: Lawrence Berkeley National Laboratory

		To: "Jay A. Frogel" <jafrogel@lbl.gov>

		Hi Gary,

		When we were writing the original SNAP proposal Peter Nugent provided

		me with a table of RMS velocity error resulting from different

		combinations of resolution and S/N for his simulations of fitting

		Gaussian absorption line profiles, which I then used to construct

		Figure 10.2.  The table is given below. I took D(lam) as the wavelength

		spacing between independent samples (i.e. resolution elements),

		consistent with how Peter told me he performed the simulations. Since

		our bluest lines are at ~ 4000A, I calculated the resolution as

		4000/D(lam).

		The results only include Gaussian statistical errors. No uncertainty due

		to systematic differences amongst absorption line profiles has been

		included.

		Greg

		# From nugent@lilys.lbl.gov Thu Nov 18 05:10 PST 1999

		# Date: Thu, 18 Nov 1999 05:10:28 -0800 (PST)

		Values below are from the above message by Nugent to Aldering.

		For a given S/N and resolution (assume two pixels) they give the RMS error

		in veloicty for fitting Gaussian line profiles (see above)

		D(lam) is in Angstroms at 4000A

		S/N		D(km/s)

				D(lam)=5		D(lam)=10		D(lam)=15		D(lam)=20		D(lam)=25		D(lam)=50								D(km/s)		250.00

		5		489		815		1000		1135		1177

		10		172		313		423		564		680						Res		D(lam)		S/N needed for D(km/s) given above

		15		98		163		240		317		380		575				800		5		7.90

		20		73		111		154		201		238						400		10		11.54

		25		59		82		109		139		174		291				267		15		14.16

		30		52		68		88		109		133						200		20		17.29

		35		47		59		75		88		108		189				160		25		19.65

		50												113				80		50		27.99

																				y = 1.8146x0.5812

																				y = 2.0987x0.5372

																				y = 3.222x0.5555
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		work book to make table for msword document

						NGST Spectroscopic Exposure Times for Si II Feature in Type Ia SN at Maximum

												Resolution = 100										Resolution = 300

												Exp										Exp

				Mag		Wave		SN				Time		SN		Zodi		Dark				Time		SN		Zodi		Dark

		Z		(AB)		(mn)		(nano-Jy)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)				(hrs)		(c/pix/e)		(c/pix/e)		(c/pix/e)

		1.7		25.24		1.62		2.91E+02				0.72		1.54E+02		5.03E+01		1.30E+02				4.54		3.24E+02		1.06E+02		8.20E+02

		1.6		25.12		1.56		3.25E+02				0.61		1.45E+02		4.28E+01		1.10E+02				3.77		2.99E+02		8.84E+01		6.80E+02

		1.5		24.99		1.50		3.66E+02				0.51		1.36E+02		3.60E+01		9.20E+01				3.08		2.74E+02		7.28E+01		5.60E+02

		1.4		24.85		1.44		4.17E+02				0.42		1.27E+02		3.02E+01		7.60E+01				2.49		2.50E+02		5.95E+01		4.50E+02

		1.3		24.70		1.38		4.79E+02				0.35		1.18E+02		2.50E+01		6.20E+01				1.99		2.26E+02		4.80E+01		3.60E+02

		1.2		24.55		1.32		5.50E+02				0.29		1.10E+02		2.09E+01		5.10E+01				1.60		2.06E+02		3.90E+01		2.90E+02

		1.1		24.38		1.26		6.43E+02				0.23		1.03E+02		1.71E+01		4.10E+01				1.24		1.85E+02		3.09E+01		2.20E+02

		1.0		24.21		1.20		7.52E+02				0.19		9.58E+01		1.41E+01		3.30E+01				0.97		1.67E+02		2.46E+01		1.70E+02

		0.9		24.00		1.14		9.12E+02				0.14		8.84E+01		1.10E+01		2.60E+01				0.72		1.48E+02		1.85E+01		1.30E+02

		0.8		23.77		1.08		1.13E+03				0.11		8.16E+01		8.45E+00		1.90E+01				0.52		1.30E+02		1.35E+01		9.30E+01

		0.7		23.51		1.02		1.43E+03				0.08		7.51E+01		6.27E+00		1.40E+01				0.36		1.14E+02		9.52E+00		6.50E+01

		1.7		25.24		1.62		2.91E+02

		1.6		25.12		1.56		3.25E+02

		1.5		24.99		1.50		3.66E+02

		1.4		24.85		1.44		4.17E+02

		1.3		24.70		1.38		4.79E+02

		1.2		24.55		1.32		5.50E+02

		1.1		24.38		1.26		6.43E+02

		1.0		24.21		1.20		7.52E+02

		0.9		24.00		1.14		9.12E+02

		0.8		23.77		1.08		1.13E+03

		0.7		23.51		1.02		1.43E+03






