Operated by the Association of Universities for Research in Astronomy, Inc., for the National Aeronautics and Space Administration

Version 2 December 1995

HST Data Handbook

3700 San Martin Drive Baltimore, Maryland 21218

SPACE TELESCOPE SCIENCE INSTITUTE

This document was prepared by the Space Telescope Science Institute under U.S. Government contract NAS5-26555. Users shall not, without prior written permission of the U.S. Government, establish a claim to statutory copyright. The Government and others acting on its behalf, shall have a royalty-free, nonexclusive, irrevocable, worldwide license for Government purposes to publish, distribute, translate, copy, and exhibit such material.

Send comments or corrections to:

Claus Leitherer, SSD Space Telescope Science Institute 3700 San MartinDrive Baltimore, Maryland 21218 E-mail: leitherer@stsci.edu

M3.9

Version 1.0, February 1994, Edited by Stefi Baum Version 2.0, December 1995, Edited by Claus Leitherer

Contributors

Archive Group Tim Kimball

Science Support Division • FGS: Sherie Holfeltz • FOC: Warren Hack, Robert Jedrzejewski, Antonella Nota • FOS: Ralph Bohlin, Jennifer Christensen, Michael Dahlem,

Jonathan Eisenhamer, Ian Evans, Jeffrey Hayes, Tony Keyes, Anuradha Koratkar, Don Lindler, Stephan Martin, Alex Storrs • GHRS: Anne Gonnella, Stephen Hulbert, Claus Leitherer,

Al Schultz, Lisa E. Sherbert, David Soderblom • WF/PC-1 and WFPC2: Sylvia Baggett, Andy Fruchter, John

Biretta, Stefano Casertano, Shireen Gonzaga, Inge Heyer, Matt McMaster, Keith Noll, Christine Ritchie, Massimo Stiavelli, Brad Whitmore, Mike Wiggs • STSDAS: Dick Shaw • SSD: Daniel Golombek, Krista Rudloff, Mark Stevens

Presto Christopher O’Dea

Science and Engineering Systems Division Olivia Lupie

University of Wisconsin Robert Bless

Contents i

Preface: How to Use This Handbook ................................................................xix

Purpose of this Handbook.................................................xix What’s New?........................................................................xx Finding Information..............................................................xx Typographic Conventions.................................................xxii

Visual Cues........................................................................xxii Keystrokes.........................................................................xxii Comments .........................................................................xxii

Part 1: For All Observers...

Chapter 1: Getting Help and Information ...........................................................................3

Getting Help............................................................................3 Accessing STEIS...................................................................4

World Wide Web...................................................................5 Structure...............................................................................7 Gopher..................................................................................8 Anonymous FTP...................................................................9 Listserver............................................................................10

Additional Documentation.................................................11

Chapter 2: Data Analysis with IRAF and STSDAS.......................................................13

IRAF Primer..........................................................................13

First Time............................................................................14 Setting Up IRAF..................................................................14 Starting and Stopping an IRAF Session.............................16

Table of Contents

ii Contents

IRAF Concepts...................................................................17 Loading Packages ..............................................................18 Tasks and Commands........................................................19 Setting Parameters .............................................................19 Setting Environment Variables...........................................22 Working with Files...............................................................23 On-Line Help.......................................................................25 Troubleshooting..................................................................27 STSDAS Tables..................................................................28 Other Topics.......................................................................28

Displaying HST Images.....................................................29

Image Display with the IRAF display Task.........................29 Working with Image Sections and Groups..........................31 Mosaic WF/PC-1 Images....................................................32

Analyzing HST Images......................................................34

RA and Dec........................................................................35 Overview of Positional Information.....................................36 Using rimcursor...................................................................37 Using metric for WF/PC-1 and WFPC2 Images................. 37 Improving Your Astrometric Accuracy................................39 Photometry.........................................................................40 Plotting and Manipulating Image Data................................49

Displaying HST Spectra.....................................................51

Producing Hardcopy...........................................................51 Using fwplot........................................................................53 grspec .................................................................................54 splot....................................................................................55

Analyzing HST Spectra......................................................55

Coadding Spectra...............................................................55 Addition With Wavelength Alignment..................................57 Combining Wavelength and Flux Information.....................61 Mkmultispec........................................................................61 Tables.................................................................................62 Using resample...................................................................63 Spectral Analysis and Manipulation....................................63 splot....................................................................................65 STSDAS fitting Package.....................................................67 specfit.................................................................................69

HSP Specific Tasks............................................................70

Contents iii

Getting IRAF and STSDAS...............................................70

Retrieving the IRAF and STSDAS Software.......................70 Synphot Dataset .................................................................71

References ............................................................................72

Available from STScI..........................................................72 Available from NOAO.........................................................72 Other References Cited in This Chapter.............................73

Chapter 3: Data Tapes and File Structures .................................................................75

Tape Log and Contents.....................................................76

Tape Log.............................................................................76 Trailer Files.........................................................................78 FITS-Format Data Files......................................................78

Printouts of Files..................................................................79

PDQ Files...........................................................................79 OCX Files...........................................................................80

Reading HST Data Tapes.................................................82

Loading Packages ..............................................................82 Mounting the Tape..............................................................83 Using strfits.........................................................................83

Data Files..............................................................................85

Header and Data Files........................................................85 Rootnames and Datasets ...................................................85 File Extensions...................................................................86 Group Data.........................................................................86

Chapter 4: Getting Data From the Archive ..........................................................89

Getting Started Using the HST Archives.......................89

Accessing the Archive Hosts..............................................89

StarView Tutorial.................................................................91

Welcome Screen ................................................................92 Command Usage and Screen Interaction...........................92 Searching the Catalog........................................................93 Retrieving Datasets From the Archive................................97

iv Contents

Exiting StarView................................................................102 Getting Your Data.............................................................103

Tutorial: Retrieving Calibration Reference Files........ 103

Retrieving a File By Name................................................106

Chapter 5: Observation Logs ..........................107

What are Observation Log Files?..................................107

Contents of Headers, Tables, and Jitter Images .............. 108

How to Access Observation Log Files.........................113 How to Use Observation Log Files...............................114

Guiding Mode...................................................................114 Guide Star Acquisition Failure..........................................116 Moving Targets and Spatial Scans...................................116 High Jitter..........................................................................117

Part 2: Faint Object Camera

Chapter 6: FOC Instrument Overview.............................................................................123

Spatial Resolution and PSF............................................125 Filters....................................................................................126 Field of View and Formats..............................................126 Sensitivity............................................................................127 Observing Modes Other than Imaging.........................128 Pre-COSTAR......................................................................129

Chapter 7: FOC Planned vs. Executed Observations .........................................131

File Extensions...................................................................132 Header Files .......................................................................133 Parameters of FOC Observations.................................134

Determining the Observational Parameters......................134

v Contents

Displaying FOC Images...................................................141

Image Display with the IRAF display Task.......................141 Modifying the Display........................................................143

What to Expect...................................................................144

Commonly Observed Features.........................................144

Chapter 8: Calibrating FOC Data .................. 149

FOC Pipeline Processing................................................149 FOC Calibration Switches...............................................150

Dezooming of Zoomed Images (PIXCORR).....................152 Absolute Sensitivity Correction (WAVCORR)................... 153 Geometric Correction (GEOCORR)..................................154 Flatfield Correction (UNICORR).......................................156

Limitations of the Calibration Process..........................157

Nonlinearity Correction.....................................................158 Geometric Correction........................................................160 Flatfield Residuals............................................................160 Format-Dependent Sensitivity..........................................166 Background.......................................................................167 Filter Induced Image Shifts...............................................168 Point Spread Function......................................................170

Chapter 9: FOC Error Sources .......................173

Errors in Absolute Photometry (f/96)............................173 Absolute Sensitivity of the f/48 Detector......................175 Photometric and Astrometric Accuracies.....................175

Astrometric Accuracy of Calibrated FOC Data................. 175 Photometric Accuracy of Calibrated FOC Data................ 177 Systematic Offsets in Photometric Scale..........................178 Accuracy of Flatfielding.....................................................178

Chapter 10: Recalibrating FOC Data ......... 181

Should You Recalibrate?.................................................181

Absolute Sensitivity Keywords..........................................182 Flatfields...........................................................................183 Geometric Correction Files...............................................183

vi Contents

Improved Pipeline Algorithms...........................................183 User Calibrations..............................................................183

How to Recalibrate............................................................184

Chapter 11: Specific FOC Calibration Issues ......................................................185

Polarimetry..........................................................................185 Objective Prisms: Dispersion and Wavelength Scale.....................................................................................187 f/48 Long Slit Spectroscopy............................................191 More Information on FOS................................................198

Part 3: Faint Object Spectrograph

Chapter 12: FOS Instrument Overview.............................................................................199

Instrument Basics..............................................................199 Observing Modes..............................................................205

Target Acquisition.............................................................205 Science Data Acquisition..................................................206 Spectrophotometry Mode.................................................207 Time-Resolved Spectrophotometry Mode........................208 Rapid Readout Mode........................................................209 Spectropolarimetry Mode..................................................209

Chapter 13: FOS Planned vs. Executed Observations .........................................211

Contents of Data Tapes...................................................211 Headers and Keywords....................................................212 Binary Acquisition—ACQ/BIN.......................................218 Peak-up Acquisition—ACQ/PEAK...............................219 Science Observations .....................................................219 Engineering Data...............................................................220

vii Contents

Chapter 14: Calibrating FOS Data ............... 221

Pipeline Calibration Overview........................................221 Input Files............................................................................225

Standard Header Packet ..................................................225 Unique Data Log...............................................................225 Science Data Files............................................................226 Science Header Line........................................................226 Science Trailer Line..........................................................226 Data Quality Files.............................................................226

Reference Files..................................................................227 Reference Tables ..............................................................227 Details of the FOS Pipeline Process............................235

Reading the Raw Data......................................................236 Calculating Statistical Errors (ERR_CORR).....................236 Data Quality Initialization..................................................236 Conversion to Count Rates (CNT_CORR).......................237 GIM Correction (OFF_CORR)..........................................238 Paired Pulse Correction (PPC_CORR)............................239 Background Subtraction (BAC_CORR)............................239 Scattered Light Correction (SCT_CORR).........................240 Flatfield Correction (FLT_CORR).....................................240 Sky Subtraction (SKY_CORR).........................................240 Computing the Wavelength Scale (WAV_CORR)............ 241 Aperture Throughput Correction (APR_CORR)................ 242 Absolute Flux Calibration..................................................242 Time Correction (TIM_CORR)..........................................243 Special Mode Processing (MOD_CORR).........................243 Scattered Light Correction................................................245

Post-Calibration Output Files..........................................246 Polarimetric Calibration....................................................247

Chapter 15: FOS Error Sources .....................251

Photometric Inaccuracies...............................................251

Time-Dependent Variations in FOS Sensitivity................. 252 Target Miscentering..........................................................256 Flatfield Correction............................................................257 Change in Telescope Focus .............................................261

viii Contents

Location of Spectra (Y-bases)..........................................262 Thermal Breathing............................................................262 Jitter..................................................................................263 Geomagnetically Induced Image Motion..........................263 Absolute Photometric Calibration System Offsets............ 264

Wavelength Calibration Errors.......................................265

Filter-Grating Wheel Non-Repeatability............................266 Aperture Wheel Non-Repeatability...................................266 Residual Uncertainty of Magnetic Field after GIM Correction.........................................................................266 Target Miscentering..........................................................266

Other Data Problems........................................................267

Effect of Incorrect Dead Diode Reference File................. 267 Effect of Noisy Diode........................................................268 Effect of Incorrect Flatfield ReferenceFile........................268 Under-Subtraction of Background Light............................272 Scattered Light..................................................................274

Chapter 16: Recalibrating FOS Data ......... 277

Finding Reference Files and Calibration Information.........................................................................277 Recalibrating FOS Data...................................................278 Accuracies...........................................................................280

Wavelength Accuracy.......................................................280 Photometric Accuracy.......................................................281 Polarimetric Accuracy.......................................................283

Chapter 17: Specific FOS Calibration Issues ......................................................285

Effects of COSTAR on FOS Data.................................285 Aperture Dilution Correction for Extended Sources ................................................................................286 RAPID Mode Observation Timing Uncertainties.......................................................................288

ix Contents

Part 4: Fine Guidance Sensors

Chapter 18: FGS Instrument Overview.............................................................................291

Detectors.............................................................................291 Optical Train.......................................................................292 Target Acquisition..............................................................294 Science Data Acquisition.................................................295

Chapter 19: FGS Planned vs. Executed Observations .........................................297

Planned Observations......................................................297 Executed Observations....................................................299

Data Products...................................................................299 Data Quality......................................................................300

Actual Observing Parameters: Header Keywords.............................................................................301 Displaying Data..................................................................303 Typical FGS Data..............................................................303

Chapter 20: Calibrating FGS Data ............... 305

The Calibration Pipeline...................................................305

Unpack..............................................................................305

Reducing and Calibrating POS Mode Data................ 307

Pos....................................................................................307 Make_plate.......................................................................308 Plate_soln.........................................................................308

Reducing and Calibrating TRANS Mode data............ 309

Scurve...............................................................................309 Merge................................................................................310 Binary................................................................................310

x Contents

Some Common Problems in Pipeline Processing..... 312

Unpacking Data................................................................312 TRANS Mode....................................................................312 POS Mode........................................................................313

Error Sources.....................................................................313 Recalibration of Data........................................................313 Specific FGS Calibration Problems...............................314

Effects of the 1994 Servicing Mission and COSTAR........ 314

Additional FGS Information.............................................314

Papers and Articles...........................................................314 General References..........................................................315

Part 5: Goddard High Resolution Spectrograph

Chapter 21: GHRS Instrument Overview.............................................................................319

Dispersers ...........................................................................320 Detectors.............................................................................322 Internal Calibration............................................................323 Side 1 ...................................................................................323 COSTAR..............................................................................324

Chapter 22: GHRS Planned vs. Executed Observations .........................................325

Case 1: R136a in the LMC..............................................325

The Exposure Logsheet....................................................326 Examining the ACCUMs...................................................332 Putting FP-SPLITs Back Together....................................335

Case 2: RAPID Mode (and a little about Spatial Scans) ....................................................................337

The Exposure Logsheet....................................................337 Examining the RAPID Data..............................................340

xi Contents

Chapter 23: Calibrating GHRS Data ........... 345

Raw Science Data.............................................................345

Science Data ....................................................................345 Return-To-Brightest and Small Science Aperture ACQ/PEAKUP..................................................................346 Extracted Data..................................................................346 Standard Header Packet (SHP)........................................346 Unique Data Log (UDL)....................................................346 Trailer File.........................................................................347 Header Keywords.............................................................347

Pipeline Calibration Process...........................................348

Standard Stars ..................................................................350 Observational Procedures and Data Reduction ............... 351 Relative Fluxes.................................................................351 Absolute Fluxes................................................................352

Calibration Steps...............................................................354

Data Quality Initialization (DQI_CORR)............................355 Conversion to Count Rates (EXP_CORR).......................356 Diode Response Correction (DIO_CORR).......................356 Paired Pulse Correction (PPC_CORR)............................356 Photocathode Mapping (MAP_CORR).............................357 Doppler Compensation (DOP_CORR).............................357 Photocathode Nonuniformity Removal (PHC_CORR)...... 358 Vignetting Removal (VIG_CORR)....................................358 Merging Substep Bins (MER_CORR)...............................358 Background Removal (MDF_CORR, MNF_CORR, PLY_CORR, BCK_CORR)...............................................359 Determine Wavelengths (ADC_CORR, GWC_CORR).... 361 Apply the Incident Angle Correction (IAC_CORR)........... 362 Echelle Ripple Correction (ECH_CORR)..........................362 Absolute Flux Conversion (FLX_CORR)..........................363 Heliocentric Correction (HEL_CORR)..............................363 Vacuum Correction (VAC_CORR)....................................364

Chapter 24: GHRS Error Sources ................ 365

Calibration Pipeline...........................................................365 Raw Data Quality Files....................................................366 Calibration Quality Files...................................................366

xii Contents

Chapter 25: Recalibrating GHRS Data........................................................................369

How to use calhrs..............................................................370 Selecting the “Best” Reference Files............................372

Finding Appropriate Reference Files................................372 Running the Software.......................................................372

Using Wavelength Calibration Exposures................... 374

Correcting the Zero Point Offset.......................................374 Re-deriving the Dispersion Coefficients............................374

FP-SPLITs...........................................................................375 Flux.......................................................................................376

How the Flux Scale is Calibrated......................................376 Photometric Correction for Extended Sources................. 377

Chapter 26: Specific GHRS Calibration Issues ......................................................379

Target Acquisition Problems...........................................379 Carrousel Properties.........................................................380 Timing of GHRS Observations.......................................381

When did my Observation Start?......................................381 When did my Observations End?.....................................381 How Long did my Observation Last?................................381 What is the Exposure Time Per Pixel?.............................382 Was my Observation Interrupted?....................................383

SPYBAL...............................................................................383 Calibration Anomalies......................................................384

Geomagnetically Induced Motion.....................................384 Dead or Noisy Diodes.......................................................384 Low Count Rate................................................................386 Vignetting..........................................................................386 Blemishes.........................................................................386

Doppler Compensation....................................................386

GHRS Point Spread Function (PSF)................................387 GHRS Line Spread Function (LSF)..................................387 High Signal-to-Noise Observations...................................388

xiii Contents

Part 6: High Speed Photometer

Chapter 27: HSP Instrument Overview ... 391

Chapter 28: Calibrating HSP Data ............... 393

Data Products and File Structures................................393

Standard Header Packet ..................................................394 Unique Data Log...............................................................394 Science Data Files............................................................395 Quality Mask Files............................................................395 Calibrated Data Files........................................................395 HSP Data Products...........................................................395 HSP Keywords..................................................................396

Displaying HSP Data........................................................397

Displaying the SHP and UDL............................................397 Displaying HSP Area Scans.............................................397

Pipeline Calibration...........................................................398 Calibration Switches.........................................................400 Calibration Algorithms......................................................401

Correcting for Dead Time................................................401 Computing the True Count Rate.......................................402 Computing the True Photocurrents..................................402 Calculating Sample Time..................................................402 Calibration Parameter Polynomial....................................402

HSP Calibration Parameter Tables...............................403

Chapter 29: HSP Error Sources .....................405

Uncertainty in EXPSTART and EXPEND.................... 405 Disagreement Between PTSRCFLG and SHP.......... 405 Correcting Times in PRISM and STAR-SKY Modes............................................................406 Prism Aperture Calibration..............................................406 VIS Degradation................................................................407

xiv Contents

Orbital Period and Ramp.................................................408 SDF Clock Errors...............................................................410 Bogus Data Packets .........................................................411 Data Echo Problem...........................................................411 Expected Accuracies of HSP Data...............................412 Further Analysis.................................................................412 References ..........................................................................412

Part 7: Wide Field/Planetary Camera-1

Chapter 30: WF/PC-1 Instrument Overview.............................................................................417

Data Acquisition.................................................................417

Chapter 31: WF/PC-1 Planned vs. Executed Observations .........................................421

Header Keywords..............................................................423

Chapter 32: Calibrating WF/PC-1 Data.................................................................427

Overview of Pipeline Processing...................................427 Calibration of WF/PC-1 Data..........................................429 Calibration Details.............................................................432

Static Mask.......................................................................432 Saturated Pixels................................................................432 A/D Fixup..........................................................................432 Bias Level.........................................................................433 Bias File............................................................................433 Preflash/CTE File..............................................................434 Dark File...........................................................................435 Flatfield.............................................................................435 Photometry Keywords.......................................................435

xv Contents

Histograms........................................................................436 Data Quality Files.............................................................436

Calibration Files.................................................................437

Chapter 33: WF/PC-1 Error Sources .......... 439

Effect of Decontaminations.............................................440 Scattered Light...................................................................440 Persistent Measles ............................................................440 Hot Pixels............................................................................443 Cosmic Rays......................................................................444 Flatfield Anomalies............................................................444 Photometry..........................................................................447 Plate Distortion...................................................................448 Data Accuracies and Problem Solving.........................448

Chapter 34: Recalibrating WF/PC-1 Data.................................................................453

Should You Recalibrate?.................................................453 Determining the “Best” Reference Files.......................454

When is Best Not the Best?..............................................454 Available Flats..................................................................456 Delta Flats.........................................................................459

Recalibrating WF/PC-1 Data..........................................460

Calculating Absolute Sensitivity for WF/PC-1................... 462

Chapter 35: WF/PC-1 Calibration Issues ......................................................465

PSFs .....................................................................................465 Observed PSF Library......................................................466 PSF Limitations and Effect of Jitter...............................466

xvi Contents

Part 8: Wide Field Planetary Camera 2

Chapter 36: WFPC2 Instrument Overview.............................................................................471

Chapter 37: WFPC2 Planned vs. Executed Observations .........................................475

Data Files and Extensions..............................................475 Header Keywords..............................................................477 Correlating Phase II Exposures with Data Files........ 480

Chapter 38: Calibrating WFPC2 Data....................................................................485

Overview of Pipeline Calibration....................................487 WFPC2 Calibration Process...........................................489

Calibration Files................................................................490 Calibration Steps..............................................................491

Chapter 39: WFPC2 Error Sources ............. 495

Bias Subtraction Error......................................................496 Flatfield Errors....................................................................496 Dark Current Subtraction Errors....................................497

Electronic Dark Current....................................................497 Dark Glow.........................................................................498 Hot Pixels..........................................................................498

Chapter 40: Recalibrating WFPC2 Data....................................................................501

The Standard Pipeline......................................................501

Assembling the Calibration Files......................................501 Setting Calibration Switches.............................................502

xvii Contents

Calibration Beyond the Pipeline.....................................504

Superdarks and Hot Pixel Removal..................................504

Calibrating Polarization Data..........................................505

Chapter 41: Specific WFPC2 Calibration Issues ......................................................507

The Zeropoint.....................................................................507 Photometric Corrections..................................................511

Contamination (Time Dependent).....................................511 April 23,1994 Cool Down (Time-Dependent).................... 513 PSF Variations (Time Dependent)....................................513 Charge Transfer Efficiency (Position Dependent)............ 513 Geometric Distortion (Position Dependent)......................514 Gain Variance (Position Dependent)................................514 Pixel Centering (Position Dependent)..............................514

Miscellaneous Photometric Corrections......................515

Aperture Correction..........................................................515 Color Terms......................................................................515 Digitization Noise..............................................................515 Red Leaks.........................................................................516 Charge Traps....................................................................516 Exposure Times: Serial Clocks.........................................516 An Example of Photometry with WFPC2..........................517

Further WFPC2 Reduction Issues................................517

Cosmic Rays.....................................................................518 Charge Traps....................................................................519

Dithering..............................................................................520

Reconstruction and Deconvolution...................................521

WFPC2 Image Anomalies...............................................524

Bias Jumps .......................................................................525 Residual Images...............................................................526 PC1 Stray Light.................................................................529 Other Anomalies...............................................................530 References .......................................................................530

xviii Contents

Glossary .............................................................................533 Index ......................................................................................539

xix

PREFACE

How to Use This Handbook

In This Preface...

Purpose of this Handbook / xix What’s New? / xx Finding Information / xx Typographic Conventions / xxii

This HST Data Handbook gives you the information you need to work with the data from a Hubble Space Telescope (HST) observation from any instrument. In this introduction, we explain how to make the best possible use of this handbook.

Purpose of this Handbook

The HST Data Handbook is a guide intended to help you maximize the scientific return of data obtained with HST. We describe how data are sent to observers, how to read the data and recognize the file structures, how to display data, and—most importantly—how to understand the data and to look for common (and not so common) anomalies in the data. This handbook assumes no prior knowledge of HST data, the IRAF and STSDAS software, or any specific knowledge of HST instruments, other than that required to have prepared a successful observing proposal. A typical HST user should find this document sufficient to answer most of the questions arising during data analysis.

If you have any questions that are not addressed in this handbook, the STScI Help Desk (help@stsci.edu) is available to serve you. The Help Desk staff will either answer your questions directly or will refer them to the appropriate STScI expert.

xx How to Use This Handbook

What’s New?

This new version of the HST Data Handbook contains substantially more information than version 1.0. The previous version was written at about the time of the first servicing mission in December 1993. Therefore the Wide Field Planetary Camera-2, the new instrument, was only briefly covered. In the meantime WFPC2 has produced a wealth of new data, and WF/PC-1 data are used only by archival researchers. The properties of the Faint Object Camera, the Faint Object Spectrograph, and the Goddard High Resolution Spectrograph are significantly changed by COSTAR so that pre- and post-COSTAR data are quite different.

The revised version of the HST Data Handbook takes into account the new instrument properties. The WF/PC-1 and WFPC2 and their data products are discussed separately. FOC, FOS, and GHRS data obtained before and after the servicing mission are still discussed at the same time for each instrument but differences between pre- and post-COSTAR data are highlighted. It is assumed that data are post-COSTAR by default but a discussion of pre-COSTAR data is given for the benefit of archival researchers.

The Fine Guidance Sensors experienced only a minor change due to COSTAR. Therefore analysis of data obtained before and after December 1993 will not be very different.

Since the High Speed Photometer was replaced by COSTAR, only pre-COSTAR HSP data exist. The current section on HSP data analysis is only slightly revised.

In designing the structure of the HST Data Handbook we arranged the chapters to reflect the order in which most users would approach their data reduction. We start with a general overview and some basics of data structure and reduction which should be beneficial for most users.

Archival research is becoming increasingly important and the analysis of archival data is not substantially different from the analysis of new data. Therefore the chapter describing the HST Archive is no longer an appendix but has become an integral part of the handbook.

Version 2.0 contains a new chapter describing the Observatory Monitoring System (OMS), which provides easy access to pointing information for observations. This capability did not exist when Version 1.0 of the handbook was written.

Finding Information

This handbook is divided into a series of chapters, each covering one specific aspect of HST data. Much of the information provided in this handbook is independent of the STSDAS software and will be of use even to those not reducing and analyzing their data with STSDAS. However, we have described, at each step, how to you use tasks in IRAF and STSDAS to work with your HST data.

Finding Information xxi

Chapters 1 through 5 are not instrument specific: they should be read by everyone before proceeding to subsequent chapters, which are instrument-specific. Most users will analyze only data obtained with one instrument at a time, and the structure of this handbook follows this approach.

Chapter 1 is an overview of the available resources for obtaining documentation and getting help. Everybody using HST data should read this chapter before analyzing the data. We describe how to access the electronic information system at the Space Telescope Science Institute, including the World Wide Web server.

Chapter 2 is a brief introduction to IRAF and STSDAS. It is far from exhaustive, and more complete discussions are provided in the IRAF and STSDAS manuals. However, this chapter should provide enough information for a novice IRAF user to start using the system for basic data manipulations.

Chapter 3 is for the observer who has received an HST data tape and needs to load the data to a local disk. File structures and naming conventions are explained. This chapter pertains to all instruments.

An introduction to the HST Data Archive is provided in Chapter 4. For most purposes, data from the Archive are not different from data sent to observers on tapes. Throughout this handbook, new and archival data are treated identically.

In Chapter 5, we describe the data produced by the Observatory Monitoring System (OMS), a software system reporting instrument and observatory status during an observation. This information is useful, for example, when determining the spacecraft jitter.

Following the generic chapters is a sequence of parts, each covering one science instrument. Each of these parts is divided into several chapters. The instrument chapters prepare you to work with, and understand the limitations of, the data for a particular HST instrument. The instrument parts include the following topics:

• An instrument overview describing the hardware configuration.

• A chapter describing how to compare planned observations with the data returned from the executed observation.

• Calibrating data.

• Potential error sources.

• Recalibrating data.

• Specific calibration concerns.

A short glossary defining HST-specific terms, as well as acronyms and abbreviations used in this manual, is provided as an appendix to this document.

xxii How to Use This Handbook

Typographic Conventions

To help you understand the material in the HST Data Handbook, we will use a few consistent typographic conventions.

Visual Cues

The following typographic cues are used:

• bold words identify a STSDAS or IRAF task or package name.

• typewriter-like words identify a variable, file name, system command, or response that is typed or displayed as shown.

• italic type indicates a new term or an important point.

• ALL CAPS identifies a header keyword or a table column.

Keystrokes

Keystroke commands and sequences are identified by the following formats.

• - When two keys are linked by a dash, both keys should be pressed at the same time.

• - When a space separates two keys, a sequence is indicated.

Press one key, release it, then press the other.

• - Press only the key. If we meant that you should press shift with the key, we would say so, such as in the first example, above.

Comments

We include three types of information that are called out, each identified by an icon in the left margin.

Tip: No problems...just another way to do something or something that might make your life easier.

Heads Up: This is something that is often done incorrectly or that is not obvious.

Warning : You could corrupt data or produce incorrect results.

Shift Q

Esc D

M