CHAPTER9:

References

In This Chapter...

References / 197 Instrument Science Reports / 199

9.1 References

• Bessell, M. S. (1990), UBVRI Passbands, P.A.S.P. 102, 1181. • Biretta, J. A, and Sparks, W. B. (1995), WFPC2 Polarization Observations:

Strategies, Apertures, and Calibration Plans, WFPC2 ISR 95-01. • Biretta, J. A., (1995) “WFPC2 Flat Field Calibration,” in Calibrating Hubble Space Telescope: Post Servicing Mission, eds. A. Koratkar and C. Leitherer, p. 257.

• Blouke, D. P., (1991), eds. Janesick, J. and Elliot, T., in P.A.S.P., 8, 153. • Burrows, C. et al., (1991) The Imaging Performance of the Hubble Space Telescope, Ap. J. Lett. 369, L21.

• Clarke, J.T. and the WFPC2 IDT (1992), “White Paper for WFPC2 Far-Ultraviolet Science.”^1 • Dithering: Relationship Between POS TARG’s and CCD Rows/Columns.^1 • Evans, R. E. 1992, JPL Memorandum, DFM #2031. • Gilliland, R. L., (1994) Ap.J. 435, L63. • Groth, E. and Shaya, E., (1991), in Wide Field/Planetary Camer a Final Orbital/Science Verification Report, S., M., Faber, Ed.

• Griffiths, R. Ewald, S. and MacKenty, J. W., (1989) in CCDs in Astronomy, P.A.S.P. 8, 231, ed. G. Jacoby.

• Gunn, J. E., and Oke, J. B. (1983), Ap.J. 266, 713. • Harris, H. C., et al., (1991) Photometric Calibration of the HST WF/PC-1 Camera: I. Ground Based Observations of Standard Stars, A.J. 101, 677.

1. These documents may be requested by e-mail from help@stsci.edu.

• HST Data Handbook, C. Leitherer, ed., (Version 2.0, December 1995).^1 • HST Phase 2 Proposal Instruction, (Version 8.0, 15 December 1995).^1 • Hasan, H. and Bely, P., (1993) Restoration of HST Images and Spectra II, p.157.

• Hasan, H. and Burrows, C. J., (1993) “Calibrations of the Hubble Space Telescope Optical Telescope Assembly” in Calibrating Hubble Space Telescope, eds. C. Blades and S. Osmer, p. 395.

• Harris, et al., (1991) A.J. 101, 677. • Holtzman, J., et al., (1995a), The Performance and Calibr ation of WFPC2 on the Hubble Space Telescope, P.A.S.P., 107, 156.

• Holtzman, J., et al., (1995b), The Photometric Performance and Calibr ation of WFPC, P.A.S.P., 107, 1065.

• Interface Control Document (ICD) 19, "PODPS to STSDAS". • Interface Control Document (ICD) 47, "PODPS to CDBS". • Janesick, J., Elliot, T., Bredthauer, R., Cover, J., Schaefer, R. and Varian, R., (1989) in Optical Sensors and Electronic Photography, SPIE Proc. 1071.

• Janesick, J., Elliot, T., Blouke, M. and Corrie, B., (1989b), in Optical Sensors and Electronic Photography, SPIE Proc. 1071, 115, ed. B. Pophal.

• Jordan, Deltorn, and Oates, (1993) Greenwich Observatory Newsletter, Sept. 1993.

• Koornneef, J. et al., (1983) “Synthetic Photometry and the Calibration of the Hubble Space Telescope,” in Highlights of Astronomy, 7, 833, ed. J.-P. Swings.

• Krist, J. and Burrows, C., (1995) Applied Optics. • Krist, J. E., (1995) “WFPC2 Ghosts, Scatter, and PSF Field Dependence,” in Calibrating Hubble Space Telescope: Post Servicing Mission, eds. A. Koratkar and C. Leitherer, p. 311.

• Lauer, T. (1989), The Reduction of WF/PC Camera Images, P.A.S.P. 101, 445.

• Lauer, T., (1991) in Wide Field/Planetary Camer a Final Orbital/Science Verification Report, ed. S. M. Faber.

• Oke, J.B. and Gunn, J., (1983), Ap.J. 266, 713. • STSDAS Calibration Guide (November 1991).^1 • STDAS Users’ Guide.

• Schneider, D. P., Gunn, J. E., and Hoessel, J. G. (1983), Ap.J. 264, 337. • Trauger, J. T., (1989), in CCDs in Astronomy, P.A.S.P. 8, 217, ed. G. Jacoby. • Trauger, J. T., ed., (1993). The WFPC2 Science Calibration Report, Pre-launch Version 1.2. [IDT calibration report]

Instrument Science Reports 199

• WF/PC-1 IDT OV/SV Report.

• WFPC2 World Wide Web page at address:

http://www.stsci.edu/ftp/instrument_news/WFPC2/wfpc2_top.html

• Westphal, J., et al. (1982), The Wide Field/Planetary Camer a in The Space Telescope Observatory, IAU 18th General Assembly, Patras, NASA CP-2244.

• Woodgate, B. E., (1989) in CCDs in Astronomy, P.A.S.P. 8, 237, ed. G.

Jacoby.

9.2 Instrument Science Repor ts^2

• 96-02: Baggett, et al., Contamination Correction in SYNPHOT for WFPC2 and WF/PC-1.

• 96-01: Stiavelli and Baggett, 01/96, Internal Flat F ield Monitoring. • 95-07: Baggett, Casertano, and Biretta, 12/95, WFPC2 Cycle 4 Calibration Summary.

• 95-06: Biretta, Ritchie, and Rudloff, 08/95, A Field Guide to WFPC2 Image Anomalies.

• 95-05: Biretta, Ritchie, Baggett, MacKenty 04/96, Wavelength / Aperture Calibration of the WFPC2 Linear Ramp Filters.

• 95-04: Whitmore and Heyer, 07/95, Demonstration Analysis Script for Performing Aperture Photometry.

• 95-03: Whitmore and Wiggs, 07/95, Charge Transfer Traps in the WFPC2. • 95-02: Gilmozzi, R. et al., 06/95, The Geometric Distortion of the WFPC2 Cameras.

• 95-01: Biretta and Sparks, 02/95, WFPC2 Polarization Observations: Str ategies, Apertures, and Calibration Plans.

• 94-03: Burrows, C., 12/94, WFPC2 Pipeline Calibration. • 94-01: Krist, J. and Burrows, C., 10/94, Large Angle Scattering in WFPC2 and Horizontal “Smearing” Corr ection.

• 93-01: Clampin, M., 3/93, Polarizer Quad Nomenclature. • 92-06: Clampin, M., 12/92, WFPC2 CCDs. • 92-05: Burrows, C., 11/92WFPC2 AFM and POMM Actuation Algorithm. • 92-04: Trauger, J.T. et al., 7/92, Science with the Second Wide Field and Planetary Camer a.

2. These documents may be requested by e-mail from help@stsci.edu.

• 92-03: Trauger, J.T. and Brown, D.I., 10/92, WFPC2 Science Observation and Engineering Modes.

• 92-02: Clampin, M., 9/92, System Level Contamination Issues for WFPC2 and COSTAR.

APPENDIXA:

Passband Plots

In This Appendix...

Passbands for each Filter in Isolation / 201 Passbands including the System Response / 211 Normalized Passbands including the System Response / 221

A.1 Passbands f or eac h Filter in Isolation

F122M, F130LP, F160AW, F160BW, F165LP, F170W

F185W, F218W, F255W, F300W, F336W, F343N

F375N, F380W, F390N, F410M, F437N, F439W

F450W, F467M, F469N, F487N, F502N, F547M

F555W, F569W, F588N, F606W, F622W, F631N

F656N, F658N, F673N, F675W, F702W, F785LP

F791W, F814W, F850LP, F953N, F1042M, FQUVN-A

FQUVN-B, C and D, FQCH4N-A, B and C

FQCH4N-D, Parallel and P erpendicular P olarizers

A.2 Passbands inc luding the System Response

F122M, F130LP, F160AW, F160BW, F165LP, F170W

F185W, F218W, F255W, F300W, F336W, F343N

F375N, F380W, F390N, F410M, F437N, F439W

F450W, F467M, F469N, F487N, F502N, F547M

F555W, F569W, F588N, F606W, F622W, F631N

F656N, F658N, F673N, F675W, F702W, F785LP

F791W, F814W, F850LP, F953N, F1042M, FQUVN-A

FQUVN-B, C and D, FQCH4N-A, B and C

FQCH4N-D, Parallel and P erpendicular P olarizers

Normalized Passbands including theSystem Response 221

A.3 Normalized Passbands inc luding the System Response

222 AppendixA: Passband Plots

APPENDIXB:

Point Sour ce SNR Plots

In This Appendix...

Plots for Estimating Point Source SNR / 223

B.1 Plots for Estimating P oint Sour ce SNR

In this section we present plots which may be used to rapidly estimate signal-to-noise ratio (SNR) for point sources with stellar spectra observed through popular WFPC2 filters. Plots are given for filters F160BW, F218W, F255W, F300W, F336W, F410M, F439W, F502N, F547M, F555W, F606W, F675W, F702W, and F814W. These plots assume that the data will be analyzed by PSF fitting, which optimizes the SNR in the background noise limited case. They also assume an average sky background of V=22.9 mag arcsec^{-2}. These plots do not explicitly include SNR reduction due to CR-SPLITing when the read noise dominates, but this effect is easily included as described below.

In situations requiring more detailed calculations (non-stellar spectra, extended sources, other sky background levels, don’t know target V magnitude, etc.), the WFPC2 Exposure Time Calculator tool, located on the WFPC2 WWW pages, should be used instead.

One uses these plots as follows:

1. Examine Table B.1 and find the spectral type and wavelength of the desired filter (e.g. F555W ≈5500Å). Interpolate in the Table to get AB_ν.

2. Sum the V magnitude of the target and ABν derived from the Table.

3. Find the appropriate plot for the filter in question, and locate V+ABν on the horizontal axis. Then read off the SNR for the desired exposure time, or vice-versa.

4. To get accurate values for CR-SPLIT exposures, one should use the sub-exposure time when consulting the plot, and then multiply the resulting SNR by , where N is the number of sub-exposures to be averaged.

There are separate lines for PC1 (light lines) and the WFC (heavy lines), as well as for ATD-GAIN=7 (default, solid lines), and ATD-GAIN=15 (dashed lines).

N

Dotted lines across the top of each plot indicate the onset of saturation. There are lines for saturation of the ATD-GAIN=7 setting (G=7), saturation of the ATD-GAIN=15 setting (G=15), and finally a line where blooming starts (top-most line for given camera).

We now give a sample SNR calculation using these plots. Consider a V=20 star of spectral class G0, for which we want to derive the SNR for 1200s CR-SPLIT exposure in F555W on PC1. We look up the G0 spectral class and F555W filter (5500Å) in T able B.1, and obtain ABν=0.02. We thus have V+ABν=20.02. We look at Figure B.10 and find this value on the horizontal axis. We locate exposure time 600s (one-half of the total 1200s CR-SPLIT exposure), and find SNR~200. For the total 1200s exposure the SNR would be . This exposure is well below the saturation lines in the plot, so saturation is not a concern. If instead, the star had V=19, we would be approaching the “Saturate G=7 PC” line indicating A-to-D converter saturation at gain 7, and so would want to specify ATD-GAIN=15.

Table B.1: ABν as a Function of Wavelength. ABν is defined as a color-dependent correction from V magnitude to AB magnitude at frequencyν. Wavelength (Å ) runs along the top; spectral classes run down the leftmost column. The second column contains B-V. See Section 6.3.

B-V 1500 2000 2500 3000 3500 4000 4500 5000 6000 7000 8000 9000 10000

sky 1.10 2.45 5.46 5.46 3.12 2.00 1.03 0.55 0.18 -0.11 -0.33 -0.55 -0.65 -0.75

B0 -0.31 -1.60 -1.50 -1.20 -0.78 -0.62 -0.46 -0.36 -0.22 0.16 0.46 0.76 0.96 1.17

A0 0.00 2.22 1.35 1.11 1.21 1.00 -0.23 -0.16 -0.09 0.11 0.22 0.33 0.36 0.4

F0 0.27 7.22 4.10 3.11 1.99 1.38 0.29 0.06 0.03 0.03 0.05 0.08 0.09 0.1

G0 0.58 8.9 6.35 4.61 2.46 1.63 0.67 0.26 0.08 -0.04 -0.12 -0.21 -0.23 -0.25

K0III 1.07 13 10.3 8.11 5.46 2.13 1.16 0.46 0.2 -0.24 -0.42 -0.61 -0.66 -0.72

M0III 1.60 15 12.3 9.36 6.21 4.63 2.26 0.96 0.51 -0.46 -0.76 -1.06 -1.12 -1.19

gE 1.00 6.82 6.41 5.43 3.63 2.49 1.40 0.55 0.21 -0.19 -0.52 -0.81 -1.07 -1.29

Sa 0.80 5.40 4.80 4.10 3.00 2.01 1.12 0.44 0.19 -0.17 -0.44 -0.7 -0.95 -1.16

Sbc 0.60 4.03 3.18 2.86 2.46 1.54 0.84 0.34 0.17 -0.14 -0.37 -0.6 -0.84 -1.04

Scd 0.45 2.67 2.29 2.15 1.76 1.35 0.65 0.28 0.13 -0.11 -0.26 -0.39 -0.47 -0.58

Ir I 0.30 1.77 1.40 1.36 1.24 0.94 0.43 0.34 0.17 0.13 -0.04 -0.21 -0.33 -0.45

200 2 280 =

Plots for Estimating Point Source SNR 225

Figure B.1: Point Source SNR vs. V+ABν for F160BW Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

226 AppendixB: Point Source SNR Plots

Figure B.2: Point Source SNR vs. V+ABν for F218W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

Plots for Estimating Point Source SNR 227

Figure B.3: Point Source SNR vs. V+ABν for F255W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

228 AppendixB: Point Source SNR Plots

Figure B.4: Point Source SNR vs. V+ABν for F300W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

Plots for Estimating Point Source SNR 229

Figure B.5: Point Source SNR vs. V+ABν for F336W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

230 AppendixB: Point Source SNR Plots

Figure B.6: Point Source SNR vs. V+ABν for F410M Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

Plots for Estimating Point Source SNR 231

Figure B.7: Point Source SNR vs. V+ABν for F439W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

232 AppendixB: Point Source SNR Plots

Figure B.8: Point Source SNR vs. V+ABν for F502N Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

Plots for Estimating Point Source SNR 233

Figure B.9: Point Source SNR vs. V+ABν for F547M Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

234 AppendixB: Point Source SNR Plots

Figure B.10: Point Source SNR vs. V+ABν for F555W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

Plots for Estimating Point Source SNR 235

Figure B.11: Point Source SNR vs. V+ABν for F606W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

236 AppendixB: Point Source SNR Plots

Figure B.12: Point Source SNR vs. V+ABν for F675W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

Plots for Estimating Point Source SNR 237

Figure B.13: Point Source SNR vs. V+ABν for F702W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

238 AppendixB: Point Source SNR Plots

Figure B.14: Point Source SNR vs. V+ABν for F814W Filter.

Bloom

Saturate G=15

Saturate G=7

PCBloom WFC

239

APPENDIXC:

Acronyms

Table C.1: Acronyms

ADC Analog-to-Digital Conversion ADU Analog-to-Digital Units (see DN) CCD Charge-Coupled Device CEIS Contract End Item Specification CVZ Continous Viewing Zone DQE Detector Quantum Efficiency DN Data Number (output of A-to-D converter) EE Encircled Energy FITS Flexible Image Transport System FOC Faint Object Camera GO General Observer GSFC Goddard Space Flight Center GTO Guaranteed-Time Observer HST Hubble Space Telescope ICD Interface Control Document IDT Instrument Definition Team ISR Instrument Science Report JPL Jet Propulsion Laboratory LEO Low Earth Orbit mas milliarcsecond MPP Multi-Pinned Phase MTF Modulation Transfer Function NICMOS Near-IR Camera and Multi-Object Spectrograph OTA Optical Telescope Assembly PC Planetary Camera PI Principal Investigator PODPS Post Observation Data Processing System PSF Point Spread Function QEH Quantum Efficiency Hysteresis RBI Residual Bulk Image RMS Root Mean Square SLTV System Level Thermal Vacuum Test

240 AppendixC: Acronyms

SMOV Servicing Mission Orbital Verification SNR Signal-to-Noise Ratio STAN Space Telescope [Data] Analysis Newsletter STEIS Space Telescope Electronic Information Service STIS Space Telescope Imaging Spectrograph STScI Space Telescope Science Institute STSDAS Space Telescope Science Data Analysis System TIPS Telescope and Instruments Performance Summary UV Ultraviolet WF/PC-1 Wide Field and Planetary Camera WFC Wide Field Camera WFPC2 Wide Field and Planetary Camera 2 WWW World Wide Web

Table C.1: Acronyms

Index 241

A AB magnitude 111 aberration correction (see "spherical aberration") ACOADD (see STSDAS) actuated fold mirrors 5, 23 ADC (see "analog-to-digital converter") ADT-GAIN 25 AFMs (see "actuated fold mirrors") Ammonia heat pipe 24 analog-to-digital converter 14, 25 AP-17 27, 29 aperture photometry 118 apertures 60

definitions 61 filter combinations 60 position updates 158 Application Processor (see "AP-17") AREA mode 32, 129 artifacts

blooming 27, 66, 67 bright object 66 CCD, image 66 diffraction spikes 32, 68 field flattener ghosts 100 filter ghosts 100 horizontal smearing 67 large angle scattering 99, 147 residual image 68 scattering of bright Earth light 144 astrometry 194

image scale 103

B background

dark count rates 72 sky 113 bandpass

effective width 108 BD+75D325 192 bias frame

calibration 169 blooming 27, 66 breathing 92 bright objects

avoidance regions 149 CCD artifacts 66 observing strategies 144 Bruzual, Persson, Gunn, Stryker atlas 172 BSC (see "Yale Bright Star Catalog") C calibration

astrometry 194 bias 169

reference files 74 charge transfer efficiency (CTE)

183, 192 dark

reference files 75, 169 Earthcalib 168 flat field 168, 180 flux 171 linear ramp filters 45, 194 observations 167, 175, 185 pipeline process 170 plan

Cycle 5 175 Cycle 6 185

Index

242 Index

point spread function 183, 193 polarizers 184, 194 proposal numbers 177, 186 5205 99 5481 193 5560 185 5562 181 5563 179 5564 179 5568 179, 181, 182, 183 5570 180 5571 180 5572 191 5574 184 5611 99 5615 99 5629 179 5645 183 5646 183 5655 181 5659 183 5663 178 5778 192 6140 184 6142 180 6143 179 6179 177, 191 6182 178 6183 179 6184 179 6186 179, 192 6187 180, 190 6188 181 6189 181 6190 182 6191 182 6192 183, 192 6193 183, 193 6194 184 6195 184 6250 185, 188 6902 186 6903 187 6904 187 6905 187, 188 6906 188

6907 189, 195 6908 190 6909 190 6934 190 6935 191 6936 192 6937 192 6938 193 6939 194 6940 194 6941 185, 194 6942 185, 195 6943 185, 195 reference files 167 sky flats 169 StarView 167 STSDAS 170 calibration channel 33 CALWP2 (see STSDAS) camera format 20 CCD 3, 63

34-row defect 70 back illuminated 13 blooming 27, 66 bright object artifacts 66 charge transfer efficiency long-term degradation 79 problem 69 charge trapping 69 clearing 30 description 3 DQE 4 dynamic range 65 epitaxial thickness 75 field-of-view plot 62 flat field 4 flat field response 70 front-side illuminated 63 full well capacity 65 gain 4, 14 gamma 82 hot pixels 79 image purge 4 MTF 4, 14, 85

(see also "pixel response function") vs. WF/PC-1 14

Index 243

multi-pinned phase 32, 63, 64 orientation 31, 62 over-clocked pixels 32 pixel response 91, 92 polysilicon gate 13 quantization noise 4, 14 quantum efficiency 24 quantum efficiency hysteresis

4, 70 radiation damage 79 read noise 3, 82 readout 31 readout time 30 recombination length 75 residual image

bulk residual image 68 CTE trails 82 residual image artifact 68 saturation 144 silicon band-gap 25 Si-SiO2 interface 63 sub-pixel QE variations 92 thick 13 undersampling 21 WFPC2 13 charge transfer efficiency (CTE) 4, 13, 14, 80 calibration 183, 192 long-term degradation 79 problem 69 residual image trails 82 CLOCKS 27, 67, 145, 153 CMD_EXP 29 coarse track 159 cold junction 24 color transformation 172 contamination

control 14 WF/PC-1 14 WFPC2 4, 137 continous viewing zone cooldown 138 cosmic rays 75, 151, 155 count rate

dark current 116 sky 114 target 111 Cousins RI 171 CR-SPLIT 26, 76, 151, 154 CR-TOLERANCE 26, 151, 154 CTE (see "charge transfer efficiency") CVZ (see "continuous viewing zone") D dark 116 dark current 24, 71

cosmic-ray induced

scintillation 73 electronic 72 dark frame

calibration 169 DARKTIME 73 data quality file 171 data set

contents 170 Delta Cas 99 detector MTF (see "CCD MTF") Deuterium lamp 33 diffraction spikes 32 dimensionless efficiency 108 distortion

optical 103 dithering 30, 155

accuracy 156 strategies 155 DITHER-TYPE 156 DQE CCD 4, 107 DQF (see "data quality file") 171 dripping and drizzling 156 dynamic range 25, 26

CCD 65 E EARTH-CALIB 168 efficiency

dimensionless 108 emission line targets

observation strategies 166

244 Index

encircled energy 85, 119 Epsilon Eridani 99 ETC (see "Exposure Time Calculator") example 132 EXPEND 29 EXPFLAG 29 exposure

overhead time 29, 153 timing 26

accuracy 27 CCD clearing 30 CCD readout 30 dithering 30 filter change 29 spacial scans 30 exposure time 27

advice 152 anomalies 28 CLOCKS=YES 28 estimation 122 quantized values 27 Exposure Time Calculator 110, 125 emission lines 135 extended sources 132 stars 125 stars with background 128 EXPSTART 29 EXPTIME 29, 171 F faint objects

observing near bright objects 146 observing strategies 143 FGS (see "Fine Guidance Sensor") field flattener 25 field-of-view 20

orientation on sky 160 filter change 29, 153 filters (see "optical filters") Fine Guidance Sensor 156, 158, 159 breathing effects 92 Fine Lock 92, 159

FK5 (Julian) reference frame 157 flat field

calibration 168 CCD 4 quality 14 sky flats 169 response 70 flux calibration 171 FULL mode 32 full well capacity 65 G gain 82

CCD 4, 14 ghost images

field flattener 100 filter ghost 100 PC1 diffraction stray light 151 PC1 direct stray light 150 GRW+70D5824 138, 178, 179, 191, 194 gyro hold 159 H HDF (see Hubble Deep Field) header keywords

CMD_EXP 29 DARKTIME 73 EXPEND 29 EXPFLAG 29 EXPSTART 29 EXPTIME 29, 73, 171 PHOTFLAM 171 PHOTZPT 171 SHUTTER 29 UEXPODUR 29 heat pipe 24 history

instrument development 11 hot junction 24 hot pixels 79, 155 Hubble Deep Field 156, 159 I image purge

Index 245

CCD 4 incandescent lamps 33 instrument

configuration 1, 20 description 21 objectives 19 optical filters 35 INT ACQ 157 Investigation Definition Team 12 J jitter 92 Johnson UBVRI 171 K Kelsall spots 23, 185 K-spots (see "Kelsall spots") L lamps

Deuterium 33 incandescent 33 large angle scattering 99, 147 linear ramp filters 40

calculator tool 165 calibration 194 observing with 165 using POS TARGs 165 loss of guide star lock 27 LOW-SKY 113, 143 LRF (see "linear ramp filters") Lumogen 3, 4, 25, 64 M M67 191 magnitude

AB 111 determining 171 Johnson-Cousins 172, 178 Oke system 112 STMAG 172 Strömgren 191 mean wavelength 36, 108 measles

WF/PC-1 14 methane quad filter 53 METRIC (see STSDAS) mode

AREA 32, 129 FULL 32 SUM=2x2 MPP (see "multi-pinned phase") multi-pinned phase 32, 63 N NGC 2100 191 NGC 2419 193 NGC 2682 (see "M67") NGC 4472 195 NGC 5139 (see "Omega Cen") noise

background 115 CCD read noise 3, 82 dark current 4 quantization 4, 14, 117 NSSC-1 27 O observing strategies

bright targets 144 CCD position and orientation on

sky 159 choosing exposure times 152 cosmic rays 151 dithering 155 emission lines in galaxy nuclei 166 faint objects 143 faint targets near bright objects 146 linear ramp filters 165 pointing accuracy 157 polarization 162 Omega Cen 138, 184, 191, 194 on-line calculator (see "Exposure Time Calculator") optical alignment 5 optical filters 35

aperture combinations 60 broad band 40

246 Index

features 35 linear ramp 40 mean wavelength 36 methane quad 53 narrow band 2 OII redshifted quad 49 polarizer quad 50, 162 red leaks 57 simple 36 spectral response 40, 45 transmission curves 36 UV quad 49 Wood’s 35, 54 Optical Telescope Assembly 22, 25, 32 breathing 92

effect on PSF subtraction 147 focus adjustments 147 optics

actuated fold mirrors 5, 23, 90 Cassegrain relay 5 diffraction spikes 32 distortion 103 field flattener 25 image scale 103 pick-off mirror 5, 22, 23, 90 impact on polarization 162 pyramid mirror 1, 22, 32 relay 1 spherical abberation 22 wavefront quality 90 ORIENT 160

avoiding bloom track 146 how to compute 160 OTA (see "Optical Telescope Assembly") over-clocked pixels 32 overexposure

CCD artifacts 67 overhead time 29 P PCS MODE 159 PHOTFLAM 171 photometry

accuracy 27 breathing 97 encircled energy 85, 119 focus adjustments 97 ghosts 100 orbital variations 97 sub-pixel response 92 system throughput 25 zeropoint 171 PHOTZPT 171 pick-off mirror 5, 22, 23, 90 pipeline calibration 170 pivot wavelength 108 pixel response 92 pixel response function 4, 14, 91 (see also "CCD MTF") plate scale 103 PODPS 167 point spread function 19, 85 astigmatism

in PC1 99, 147 in WFC 95 breathing 92 calibration 183, 193 encircled energy 85 fitting 115 jitter 92 loss of lock 27 model PSF 92 subtraction 146 variation with field position 95 variations with time 97 pointing

accuracy 157

jitter 92 repeatability 159 polarizers

calibration 184, 194 observation strategies 162 quad filter 50 POS TARG 30, 165 PSF (see "point spread function") pyramid mirror 1, 22, 32 Q QEH (see "quantum efficiency hysteresis")

Index 247

quantization

CCD 4, 14 noise 117 quantum efficiency 3, 24 quantum efficiency hysteresis 4, 13, 70 R radiation damage 79 RBI (see "residual bulk image") READ 33 read noise 3, 82 red leaks

UV filters 57, 137 reference files

bias 74 calibration 167 dark 75 reference frame

FK4 157 FK5 157 relay optics 1 residual bulk image 68 residual image

CTE trails 82 resolution 20 S SAO catalog 157 scale

pixel scale 103 scattering

large angle 99 Selectable Optical Filter

Assembly 2, 35 serial clocks 27 Servicing Mission Observatory Verification 12 sharpness 116 SHUTTER 29 shutter 26

shutter blade encoder 26 signal-to-noise ratio (see "SNR estimation") Si-SiO2 interface 63 sky background 113 sky flats 169 SLTV (see "thermal vacuum test") smearing

CCD artifacts 67 SMOV (see "Servicing Mission Observatory Verification") SNR estimation 115

aperture photometry 118, 124 examples 123, 125

aperture photometry 124 emission lines 129 extended sources 129 point source with galaxy 127 point sources 123 PSF fitting 123 SNR tables 125 extended sources 119 galaxies 121 point sources 115

tables 223 SOFA (see "selectable optical filter assembly") spacecraft computer (see "NS- SC-1") spatial scans 30 spectral index 112 spherical aberration 12

correction 5, 13, 22 effects 85 standard stars (see star name) StarView

retrieving calibration files 167 STMAG 172 STSDAS

ACOADD 156 calibration 170 CALWP2 170 METRIC 158 SYNPHOT 107 UCHCOORD 158 WARMPIX 155 sub-pixel QE variations 92 SUM=2x2 (see "AREA mode") SYNPHOT 107, 171, 178

248 Index T tapes

files on 170 TEC (see "thermo-electric cooler") telescope alignment (definition) 29 thermal vacuum test 12 thermo-electric cooler 24

cold junction 24 hot junction 24 throughput 107

system 25 UV time dependence 137 TIM 92, 193 TinyTIM 92, 148, 193 tracking modes 159 Trauger, J. T. 12 U U3 axis 160 UCHCOORD (see STSDAS) UEXPODUR 29 undersampling 21, 75, 155 UV imaging 4 throughput

time dependence 137 UV filters

red leaks 57, 137 V V2,V3 system 159 Vega 99, 171 VEGAMAG 172 W WARMPIX (see STSDAS) 155 wavefront quality 90

Zernike coefficients 91 wavelength

mean 108 pivot 108 Weibull function 78 Westphal, J. A. 11

WF/PC-1 11, 14, 64, 75

analog-to-digital converter 14 CCDs 13 charge transfer efficiency 13 contamination 14 entry port 14 flat field quality 14 quantum efficiency hysteresis 13 Wide Field and Planetary Camera (see WP/PC-1) window (see "field flattener") Wood’s filters 35, 54 WWW exposure time calculator 110 LRF calculator tool 165 photometric monitoring 139 X XCAL 107, 172 Y Yale Bright Star Catalog 157 Z Zeolite 5, 15 Zernike coefficients 91