User’s Guide to R OSA T Data

in the Rationalized Data F ormat (RDF)

M.F. Cor c or an, M. Conr oy

US R OSA T Guest Observ er F acilit y

No v em b er 1994

T able of Con ten ts

I. In tro duction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

I I. The data tap e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

I I.a Brief description of the FITS files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

I I.b Reading the tap e using PR OS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

I I.c List of Files: PSPC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

I I.d List of Files: HRI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

I I I. The PSPC fileset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

I I I.a The BASIC file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

I I I.a.1 The standard go o d time in terv als extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

I I I.a.2 The ST AND ARD ev en ts list extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

I I I.a.3 The REJECTED ev en ts list extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

I I I.a.4 T emp oral Status History extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I I.a.5 Qualit y Limits extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I I.a.6 All Qualit y Limits extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I I.b The ANCILLAR Y file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I I.b.1 The observ ation summary extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I I.b.2 The spacecraft ephemeris extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I I.b.3 The spacecraft p oin ting extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

I I I.b.4 The Housek eeping extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

I I I.b.5 The Ev en t Rate extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

I I I.b.6 The Housek eeping Status extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

I I I.b.7 The Guide Star extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

I I I.c Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

I I I.c.1 The TOT AL–BAND image file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

I I I.c.2 The TOT AL–BAND bac kground file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

I I I.c.3 The MER GED exp osure map file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

I I I.c.4 The HARD–BAND image file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

I I I.c.5 The HARD–BAND bac kground file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

I I I.c.6 The SOFT–BAND image file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

I I I.c.7 The SOFT–BAND bac kground file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

I I I.c.8 The ENER GY–CODED image . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

I I I.d The SOUR CE file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

I I I.d.1 The DETECTED X–RA Y source extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

I I I.d.2 The SIMBAD source list . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

I I I.d.3 The SPECTRAL FIT results table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

I I I.d.4 The source V ARIABILITY table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

I I I.d.5 The BA CK GR OUND SPECTR UM table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

I I I.d.6 The BA CK GR OUND LIGHTCUR VE table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

I I I.d.7 Extracted source sp ectra/Off–axis histograms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

I I I.e The PRINT file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

I I I.f The HISTOR Y file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

I I I.g The RA W EVENTS file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

I I I.g.1 The Uncorrected Ev en ts T able . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

I I I.h The SOUR CE LIGHTCUR VE file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

IV. The HRI fileset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

IV.a The BASIC file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

IV.a.1 The standard go o d time in terv als extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

IV.a.2 The ST AND ARD ev en ts list extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

IV.a.3 The REJECTED ev en ts list extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

IV.a.4 T emp oral Status History extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

IV.a.5 Qualit y Limits extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

IV.a.6 All Qualit y Limits extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

IV.b The ANCILLAR Y file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

IV.b.1 The observ ation summary extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

IV.b.2 The spacecraft ephemeris extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

IV.b.3 The spacecraft p oin ting extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

IV.b.4 The Housek eeping extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

IV.b.5 The Ev en t Rate extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

IV.b.6 The Guide Star extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

IV.c Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

IV.c.1 The TOT AL image file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

IV.c.2 The TOT AL bac kground image file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

IV.d The SOUR CE file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

IV.d.1 The detected X–RA Y source extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

IV.d.2 The SIMBAD source list . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

IV.e The PRINT file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

IV.f The HISTOR Y file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

I. In tro duction

The magnetic tap e y ou receiv e with y our data pro ducts has on it data files con taining in-

formation p ertinen t to y our R OSA T observ ation. The files on this data tap e use the FITS

(Flexible Image T ransp ort System) format and its extensions as describ ed in NASA/OSSA

Office of Standards and T ec hnology (NOST) draft 100–0.3b, “Implementation of the Flex-

ible Image T r ansp ort System.” Starting in the Spring of 1994, the data files distributed on

tap e b y the USRSDC and b y MPE will conform to the Rationalized Data F ormat ( RDF )

as sp ecified b y the High Energy Astroph ysics Science Arc hiv e Researc h Cen ter (HEASAR C)

and the Cen ter for Astroph ysics (CfA). This represen ts a ma jor c hange in the organization

of the FITS files as compared to the previous FITS formats distributed prior to Spring 1994.

This c hange w as made in order to presen t R OSA T data in a more user–friendly , m ulti–

mission con text. In RDF,

- imp ortan t tabulated quan tities are more easily iden tified

b y the user through use of more descriptiv e column names;

- primary headers and extension headers con tain more useful

information;

- COMMENT and HISTOR Y cards are extensiv ely used to pro vide

the user with detailed information ab out the files.

Because b oth MPE and the USRSDC ha v e adopted RDF, the format of the R OSA T data

pro ducts will b e indep enden t of where the data w ere pro cessed; th us users of R OSA T data

pro cessed at MPE will easily b e able to in terpret and use R OSA T datasets pro cessed in the

US, and vice–v ersa. In addition, RDF is b eing adopted b y n umerous other mission (EIN-

STEIN, ASCA and XTE, to name a few) whic h means that soft w are whic h can in terpret

and analyze R OSA T data should b e able to in terpret and analyze data from these and other

missions.

I I. The data tap e

I I.a. Brief description of the FITS files

The files distributed on the data tap e adhere to the FITS standard as describ ed in the

NASA/OSSA Office of Standards and T ec hnology (NOST) draft 100–0.3b, “Implemen-

tation of the Flexible Image T r ansp ort System (FITS),” dated No v em b er 6, 1991. The

R OSA T files use FITS primary images and FITS IMA GE extensions and ASCI I and BI-

NAR Y table extensions, although most data (apart from images) are stored in BINAR Y ta-

ble (BINT ABLE) extensions. Data con tained in these files can b e accessed using standard

FITS readers, as pro vided b y IRAF or IDL, or through use of the FITSIO pac k age a v ailable

from the HEASAR C.

I I.b. Reading the tap e using PROS

After receiving the data tap e, the user should cop y the files on the tap e to disk for analy-

sis. The FITS files on the tap e can b e read to disk using an y FITS tap e reader y ou c ho ose.

The IRAF/PR OS en vironmen t offers a particularly easy w a y to do wnload the data tap e to

disk through use of the t2d command under the dataio pac k age. The t2d routine lets the

user select the n um b er of files to do wnload, and to sp ecify an output file ro ot name. Eac h

file as it is read off the disk will b e named < root-name > nnn , where nnn is a 3–digit n um-

b er giving the p osition of the file on the tap e (the first file on the tap e is 001, the second

002, etc.) F or example, if files 1–12 are do wnloaded using t2d with rosat as the ro ot name,

t2d w ould write files named rosat001, rosat002,..., rosat012 to disk. The PR OS task

rfits2pros in the xray.xdatio pac k age can then b e used to rename and reformat the files

dump ed b y t2d to the standard IRAF/PR OS format. See the PR OS User’s Guide for more

information.

I I.c. List of Files: PSPC

The first file on the PSPC data tap e is a FITS file con taining a primary header with NULL

primary arra y , and one ASCI I table extension consisting of a header follo w ed b y an ASCI I

table. The ASCI I table con tains the list of the data files as they app ear on the tap e, in the

order in whic h they app ear, with a one–line description of the con ten ts of eac h of the files.

This file can b e read using an y standard FITS reader whic h can handle ASCI I table ex-

tensions (XTENSION= ‘T ABLE ’). In addition, once on disk, the file con ten ts can b e dis-

pla y ed and read using standard op erating system commands ( cat or more in UNIX or type

in VMS).

A dump of the con ten ts of this file for the PSPC sequence 110590n00 (a PV phase observ a-

tion of AR Lac) is b elo w.

SIMPLE = T / file does conform to FITS standard

BITPIX = 8 / number of bits per data pixel

NAXIS = 0 / number of data axes

EXTEND = T / FITS dataset may contain extensions

CONTENT = ‘TAPE ’ / TAPE CONTENTS

FILENAME = ‘rp110590n00 tap.fits’ / Suggested file name

IRAFNAME = ‘null image’ / IRAF file name

DATE = ‘04/11/94’ / Date of creation of this file (DD/MM/YY)

HISTORY

HISTORY This is the tape contents description file.

HISTORY

HISTORY This file has been structured as an ASCII table

HISTORY whose rows contain 80 columns of data to allow it

HISTORY to be read by either a FITS reader or by a simple program.

HISTORY There are no carriage returns or line feeds.

HISTORY The file can be treated as consisting of 80-byte

HISTORY fixed records.

HISTORY

HISTORY The ASCII table entries give the file number on the

HISTORY tape (files are separated by single tape marks), the

HISTORY suggested name of the file (its ROSAT name) and a description

HISTORY of the data contained as extensions in the FITS file.

HISTORY

HISTORY General information for this tape:

HISTORY ROSAT FITS data

HISTORY ROSAT Title: XRT/PSPC PSF AR LAC

HISTORY PI: MPE, ROSAT-TEAM

HISTORY ROSAT FITS Name: RP110590N00

HISTORY

END

XTENSION = ‘TABLE ’ / ASCII table extension

BITPIX = 8 / 8-bit ASCII characters

NAXIS = 2 / 2-dimensional ASCII table

NAXIS1 = 80 / width of table in characters

NAXIS2 = 32 / number of rows in table

PCOUNT = 0 / size of special data area

GCOUNT = 1 / one data group (required)

TFIELDS = 1 / number of fields in each row

TTYPE1 = ‘RECORD ’ / Simple 80-byte ASCII record

TBCOL1 = 1 / beginning column of field 1

TFORM1 = ‘A80 ’ / Fortran-77 format of field

TUNIT1 = ‘NONE ’ / physical unit of field

EXTNAME = ‘TAP.trl ’ / A ROSAT Tape Description file

INSTRUME = ‘PSPC ’ / Instrument name

IRAFNAME = ‘rp110590n00 tap.lst’ / IRAF file name

HISTORY

HISTORY The FITS files were created in directory

HISTORY F$RDFOP 8:[CA110590P N9 P1 F2.P2]

HISTORY and copied to tape.

HISTORY

END

FILE NUMBER 1, FILENAME = rp110590n00 tap.fits

This file contains a description of the tape files

FILE NUMBER 2, FILENAME = rp110590n00 bas.fits

This file contains the PSPC basic science data (events & good times)

FILE NUMBER 3, FILENAME = rp110590n00 im1.fits

This file contains the PSPC total-band image

FILE NUMBER 4, FILENAME = rp110590n00 im2.fits

This file contains the PSPC hard-band image

FILE NUMBER 5, FILENAME = rp110590n00 im3.fits

This file contains the PSPC soft-band image

FILE NUMBER 6, FILENAME = rp110590n00 bk1.fits

This file contains the PSPC total-band background

FILE NUMBER 7, FILENAME = rp110590n00 bk2.fits

This file contains the PSPC hard-band background

FILE NUMBER 8, FILENAME = rp110590n00 bk3.fits

This file contains the PSPC soft-band background

FILE NUMBER 9, FILENAME = rp110590n00 mex.fits

This file contains the PSPC merged exposure map

FILE NUMBER 10, FILENAME = rp110590n00 ime.fits

This file contains the PSPC energy-coded image

FILE NUMBER 11, FILENAME = rp110590n00 src.fits

This file contains the PSPC source extraction information

FILE NUMBER 12, FILENAME = rp110590n00 anc.fits

This file contains the PSPC spacecraft ephemeris, aspect & ancillary data

FILE NUMBER 13, FILENAME = rp110590n00 his.fits

This file contains the PSPC processing parameter and log files

FILE NUMBER 14, FILENAME = rp110590n00 prt.fits

This file contains the PSPC PostScript and list files

FILE NUMBER 15, FILENAME = rp110590n00 raw.fits

This file contains the PSPC uncorrected event coordinates

FILE NUMBER 16, FILENAME = rp110590n00 ltc.fits

This file contains the PSPC source lightcurve information

I I.d. List of Files: HRI

The first file on the HRI data tap e is a FITS file con taining a primary header with NULL

primary arra y , and one ASCI I table extension consisting of a header follo w ed b y an ASCI I

table. The ASCI I table con tains the list of the data files as they app ear on the tap e, in the

order in whic h they app ear, with a one–line description of the con ten ts of eac h of the files.

This file can b e read using an y standard FITS reader whic h can handle ASCI I table ex-

tensions (XTENSION= ‘T ABLE ’). In addition, once on disk, the file con ten ts can b e dis-

pla y ed and read using standard op erating system commands ( cat or more in UNIX or type in VMS).

A dump of the con ten ts of this file for the HRI sequence 110267n00 (a PV phase observ ation

of AR Lac) is b elo w.

SIMPLE = T / file does conform to FITS standard

BITPIX = 8 / number of bits per data pixel

NAXIS = 0 / number of data axes

EXTEND = T / FITS dataset may contain extensions

CONTENT = ‘TAPE ’ / TAPE CONTENTS

FILENAME = ‘rh110267n00 tap.fits’ / Suggested file name

IRAFNAME = ‘null image’ / IRAF file name

DATE = ‘04/11/94’ / Date of creation of this file (DD/MM/YY)

HISTORY

HISTORY This is the tape contents description file.

HISTORY

HISTORY This file has been structured as an ASCII table

HISTORY whose rows contain 80 columns of data to allow it

HISTORY to be read by either a FITS reader or by a simple program.

HISTORY There are no carriage returns or line feeds.

HISTORY The file can be treated as consisting of 80-byte

HISTORY fixed records.

HISTORY

HISTORY The ASCII table entries give the file number on the

HISTORY tape (files are separated by single tape marks), the

HISTORY suggested name of the file (its ROSAT name) and a description

HISTORY of the data contained as extensions in the FITS file.

HISTORY

HISTORY General information for this tape:

HISTORY ROSAT FITS data

HISTORY ROSAT Title: XRT/HRI PSF AR LAC

HISTORY PI: MPE, ROSAT-TEAM

HISTORY ROSAT FITS Name: RH110267N00

HISTORY

END

XTENSION = ‘TABLE ’ / ASCII table extension

BITPIX = 8 / 8-bit ASCII characters

NAXIS = 2 / 2-dimensional ASCII table

NAXIS1 = 80 / width of table in characters

NAXIS2 = 16 / number of rows in table

PCOUNT = 0 / size of special data area

GCOUNT = 1 / one data group (required)

TFIELDS = 1 / number of fields in each row

TTYPE1 = ‘RECORD ’ / Simple 80-byte ASCII record

TBCOL1 = 1 / beginning column of field 1

TFORM1 = ‘A80 ’ / Fortran-77 format of field

TUNIT1 = ‘NONE ’ / physical unit of field

EXTNAME = ‘TAP.trl ’ / A ROSAT Tape Description file

INSTRUME = ‘HRI ’ / Instrument name

IRAFNAME = ‘rh110267n00 tap.lst’ / IRAF file name

HISTORY

HISTORY The FITS files were created in directory

HISTORY F$RDFOP 8:[CA110267H N9 P1 F2.P2]

HISTORY and copied to tape.

HISTORY

END

FILE NUMBER 1, FILENAME = rh110267n00 tap.fits

This file contains a description of the tape files

FILE NUMBER 2, FILENAME = rh110267n00 bas.fits

This file contains the HRI basic science data (events and good times)

FILE NUMBER 3, FILENAME = rh110267n00 im1.fits

This file contains the HRI image

FILE NUMBER 4, FILENAME = rh110267n00 bk1.fits

This file contains the HRI background image

FILE NUMBER 5, FILENAME = rh110267n00 src.fits

This file contains the HRI source extraction information

FILE NUMBER 6, FILENAME = rh110267n00 anc.fits

This file contains the HRI spacecraft ephemeris, aspect & ancillary data

FILE NUMBER 7, FILENAME = rh110267n00 his.fits

This file contains the HRI processing parameter and log files

FILE NUMBER 8, FILENAME = rh110267n00 prt.fits

This file contains the HRI PostScript and list files

I I I. The PSPC fileset

This section giv es more detailed information concerning the structure of the data files for

PSPC data distributed in RDF.

I I I.a. The BASIC file

Eac h data set con tains a ‘BASIC’ file, whic h con tains the ‘bare–b ones’, calibrated science

data. This is the essen tial information whic h an y one needs to kno w to p erform standard

scien tific analyses. The BASIC file can b e iden tified b y its official name, whic h ends in

bas.fits . Basic data generally consist of times whic h define the length of the observ ation,

and the photon ev en t list whic h giv es (for the PSPC) time of arriv al, sky p osition, detector

p osition, and ra w and corrected amplitudes for eac h photon. Status histories whic h can b e

used to filter the data are also giv en.

F or PSPC data, the BASIC file consists of a NULL primary arra y and the follo wing binary

table (XTENSION= ‘BINT ABLE’) extensions.

I I I.a.1 The standa rd go o d time intervals extension

EXTNAME = ‘STDGTI ’

This extension giv es the time in terv als whic h the standard analysis soft w are system (SASS)

has deemed to con tain go o d science time as defined b y the standard screening criteria (see

b elo w), and the corresp onding observ ation in terv al (OBI) n um b er.

I I I.a.2 The ST AND ARD events list extension

EXTNAME = ‘STDEVT ’

This extension con tains the list of photons whic h ha v e passed the standard screening. F or

eac h detected photon, the list con tains x, y p osition, arriv al time, pulse heigh t, gain cor-

rected pulse heigh t, and linearized detector co ordinates. F or eac h photon a status is giv en

designating whether that photon passed or failed the standard screening. By definition all

photons in the standard ev en ts list passed standard screening.

I I I.a.3 The REJECTED events list extension

EXTNAME = ‘REJEVT ’

This extension con tains the list of photons whic h w ere rejected b y the standard screening.

F or eac h detected photon, the list con tains x, y p osition, arriv al time, pulse heigh t, gain cor-

rected pulse heigh t, and linearized detector co ordinates. F or eac h photon a status is giv en

designating whether that photon passed or failed the standard screening. By definition all

photons in the rejected ev en ts list failed standard screening.

I I I.a.4 T emp o ral Status Histo ry extension

EXTNAME = ‘TSI ’

This table lists the qualit y flags as a function of time. The qualit y flags consist of P ASS-

F AILS and LOGICALS. P ASSF AILS indicate wh y data w ere rejected at a giv en time. LOG-

ICALS indicate the status of v arious spacecraft subsystems. P ASSF AILS and LOGICALS

are bit-enco ded. The description of the co ding used to define b oth P ASSF AILS and LOGI-

CALS is describ ed in the extension header.

I I I.a.5 Qualit y Limits extension

EXTNAME = ‘STDQLM ’

This table giv es the allo w able v alues of the qualit y flags.

I I I.a.6 All Qualit y Limits extension

EXTNAME = ‘ALLQLM ’

This table giv es the qualit y limits for accepting the data as part of the observ ation, regard-

less of whether the data are scien tifically useful. These limits are used in determining the

en tire set of photons (accepted + rejected ev en ts) detected during the observ ation.

I I I.b. The ANCILLARY file

Eac h PSPC data set distributed in RDF con tains a file of ANCILLAR Y data. The ANCIL-

LAR Y file can b e iden tified b y its official name, whic h ends in anc.fits . The data pro-

vided in the ANCILLAR Y file, while not essen tial for scien tific analysis of the BASIC data,

is often v ery useful if more detailed analyses are required. Ancillary data include orbit and

spacecraft p oin ting information, and other engineering or housek eeping information.

F or PSPC data, the ANCILLAR Y file consists of a NULL primary arra y and the follo wing

binary table (XTENSION= ‘BINT ABLE’) extensions.

I I I.b.1 The observation summa ry extension

EXTNAME = ‘OBST ABLE’

This extension giv es a summary of information describing the observ ation. This includes

start and stop times of the observ ation in terv als, p oin ting directions and roll angles, b ore-

sigh ts and the asp ect dela y used throughout the observ ation.

I I I.b.2 The spacecraft ephemeris extension

EXTNAME = ‘EPHEM ’

This extension giv es information ab out the orbital ephemeris of the spacecraft as a function

of time. It includes the satellite p osition v ector, satellite longitude, latitude and altitude.

I I I.b.3 The spacecraft p ointing extension

EXTNAME = ‘ASPECT ’

This extension giv es information ab out the p oin ting of the spacecraft as a function of time.

It includes spacecraft righ t ascension, declination and roll.

I I I.b.4 The Housek eeping extension

EXTNAME = ‘HKP ’

This extension lists v alues of engineering and other housek eeping data as a function of time.

F or the PSPC, the instrumen t in use flag, the detector temp erature, pressure, high v oltage,

the missing housek eeping flag, and the filter t yp e are giv en.

I I I.b.5 The Event Rate extension

EXTNAME = ‘EVRA TE ’

This table lists rates of detected ev en ts as a function of time. Accepted or rejected ev en t

rates, South A tlan tic Anomaly (SAA) rates, Master V eto Rate (MV A CO), and other quan-

tities are giv en.

I I I.b.6 The Housek eeping Status extension

EXTNAME = ‘HKST A ’

This table records the v alues of the status of the housek eeping parameters suc h as the high

v oltage status, the carrousel status, the detector status, etc. These v alues are also a v ailable

in the temp oral status history TSI extension. They are giv en here for compatibilit y with the

EXSAS soft w are pac k age. The TSI records con tain statuses that ha v e b een collected from

sev eral sources and reduced to summary records, to sho w the status only when something

has c hanged. The HKST A records, on the other hand, are stored at fixed read–out in terv als

defined b y the R OSA T telemetry , usually on the order of a few seconds.

I I I.b.7 The Guide Sta r extension

EXTNAME = ‘GST AR ’

This table giv es a list of the catalog n um b ers of the guide stars used to deriv e the asp ect

solution as a function of spacecraft time. The actual catalog n um b ers are of no real imp or-

tance; what is imp ortan t is the n um b er of non–zero catalog n um b ers listed for eac h time

in terv al in the table, since this tells the user ho w man y guide stars w en t in to solving asp ect.

In general, there should b e no asp ect problems if 3 or more guide stars w ere found.

I I I.c. Images

Images are stored as 512 x 512 primary arra ys in separate FITS files. All images use the

con v en tion in whic h (1,1) is the CENTER of the pixel in the LO WER left corner ( i.e. , the eastern-most/southern-most pixel). Deriv ed images include b oth total (source + bac k-

ground) and bac kground images.

There are 8 PSPC image files included as part of the standard pro cessing – source images in

3 energy bands (total, hard, and soft), bac kground images in 3 bands, the broad–band ex-

p osure map, and the energy enco ded color map. The images are a compression of the fo cal

plane scale b y a factor of 30 ( i.e. , eac h pixel has a dimension of 15 x 15 arcseconds, rather

than the 0.5 x 0.5 arcsecond pixels used in the STDEVT and REJEVT tables). The header

k eyw ords PIMIN, PIMAX giv e the PI v alues used to filter the images.

I I I.c.1 The TOT AL–BAND image file

FILENAME: r* im1.fits

This file con tains as the 512 x 512 primary arra y the X–ra y image deriv ed from all accepted

photons in the total energy range. The file also con tains 2 binary table extensions, the first

of whic h giv es the source detections from the lo cal detect algorithm in the broad band, the

second of whic h giv es the broad–band source detections from the map detect algorithm.

I I I.c.2 The TOT AL–BAND background file

FILENAME: r* bk1.fits

This file con tains the broad–band bac kground map as a 512 x 512 primary arra y . This bac k-

ground image w as constructed from the TOT AL–BAND image file after remo v al of detected

X–ra y sources.

I I I.c.3 The MERGED exp osure map file

FILENAME: r* mex.fits

This file con tains the exp osure map as a 512 x 512 primary arra y . This map w as created

b y casting the TOT AL–BAND instrumen t map in sky co ordinates using the information in

the asp ect histogram and represen ts the amoun t of exp osure eac h area of the field of view

receiv ed taking in to accoun t vignetting and the spacecraft w obble. The MER GED exp osure

map can b e used to flat–field the TOT AL–BAND image and bac kground.

I I I.c.4 The HARD–BAND image file

FILENAME: r* im2.fits

This file con tains as the 512 x 512 primary arra y the X–ra y image deriv ed from all accepted

photons in the hard energy band. The file also con tains 2 binary table extensions, the first

of whic h giv es the source detections from the lo cal detect algorithm in the hard band, the

second of whic h giv es the hard–band source detections from the map detect algorithm.

I I I.c.5 The HARD–BAND background file

FILENAME: r* bk2.fits

This file con tains the hard–band bac kground map as a 512 x 512 primary arra y . This bac k-

ground file w as constructed from the HARD–BAND image file after remo v al of detected

X–ra y sources.

I I I.c.6 The SOFT–BAND image file

FILENAME: r* im3.fits

This file con tains as the 512 x 512 primary arra y the X–ra y image deriv ed from all accepted

photons in the soft energy band. The file also con tains 2 binary table extensions, the first of

whic h giv es the source detections from the lo cal detect algorithm in the soft band, the sec-

ond of whic h giv es the soft–band source detections from the map detect algorithm.

I I I.c.7 The SOFT–BAND background file

FILENAME: r* bk3.fits

This file con tains the soft–band bac kground map as a 512 x 512 primary arra y . This bac k-

ground file w as constructed from the SOFT–BAND image file after remo v al of detected X–

ra y sources.

I I I.c.8 The ENERGY–CODED image

FILENAME: r* ime.fits

This file con tains the energy–co ded image as a 512 x 512 arra y . Eac h pixel in the image rep-

resen ts the mean photon energy detected (and not in tensit y as in the other images).

I I I.d. The SOURCE file

The SOUR CE file con tains information ab out sources in the field of view of the detector.

It can b e iden tified b y its official name, whic h ends in src.fits . This file con tains the

follo wing binary table (BINT ABLE) extensions:

I I I.d.1 The DETECTED X–RA Y source extension

EXTNAME = ‘SR CTBL ’

This table con tains information ab out sources in the field of view as detected b y the stan-

dard pro cessing system. P ositions, coun ting rates, v ariabilit y flags, hardness ratios, etc. are

included.

I I I.d.2 The SIMBAD source list

EXTNAME = ‘SKYTBL ’

This table con tains information deriv ed from the SIMBAD (Set of Iden tifications, Measure-

men ts, and Bibliographies for Astronomical Data) database ab out all catalogued sources in

the field of view of the detector. (The SIMBAD database is op erated at CDS, Strasb ourg,

F rance.) P ositions, names, sp ectral t yp e or morphology , V and B magnitudes are among the

information pro vided.

I I I.d.3 The SPECTRAL FIT results table

EXTNAME = ‘FITSS ’

This table con tains the results of fitting of brigh t sources with standard sp ectral mo dels (ab-

sorb ed p o w er la ws or thermal mo dels). Source and bac kground p osition, brigh tness, and the

sp ectral fit v alues are pro vided. Note that this information will not b e pro vided if there are

no sources brigh t enough for the sp ectral fitting pac k age (at presen t, sp ectral fitting is only

done for sources with greater than 200 net coun ts and a lik eliho o d greater than 50).

I I I.d.4 The source V ARIABILITY table

EXTNAME = ‘V AR Y ’

This table con tains the results of the standard source v ariabilit y analysis. V ariabilit y tests

include χ

2

, Kolmogoro v-Smirno v (KS), and F ast F ourier T ransform (FFT). These tests are

p erformed on all sources with a lik eliho o d greater than 50; if no suc h sources app ear in the

field of view the v ariabilit y information will not b e pro vided.

I I I.d.5 The BA CK GROUND SPECTRUM table

EXTNAME = ‘BK GSPC ’

This table con tains the bac kground sp ectrum (coun ts p er c hannel) o v er the whole field of

view as defined b y SASS after remo v al of detected sources.

I I I.d.6 The BA CK GROUND LIGHTCURVE table

EXTNAME = ‘BK GR TE ’

This table con tains the bac kground ligh tcurv e (rate plus error vs. time) o v er the whole field

of view as defined b y SASS after remo v al of detected sources.

I I I.d.7 Extracted source sp ectra/Off–axis histograms

Sp ectra (rates v ersus c hannel plus other information) extracted b y SASS for eac h source

with a lik eliho o d greater than 50 and more than 200 net coun ts are pro vided in individual

binary table extensions at the end of the SOUR CE file (one extension p er source). Eac h

sp ectrum extension is designated b y an EXTNAME of the form EXTNAME = ’SPnnn ’ where nnn is a three–digit n um b er corresp onding to the source ID n um b er giv en in the MPLSX

source lists and recorded in the SR CTBL extension.

Eac h extracted source sp ectrum has asso ciated with it an extension whic h giv es the off–axis

histogram (fraction of time v ersus off–axis angle). Eac h off–axis histogram can b e iden tified

b y the EXTNAME of the form EXTNAME = ’OAHnnn ’ where nnn is the three–digit n um b er

corresp onding to the source ID n um b er giv en in the MPLSX source lists and recorded in the

SR CTBL extension.

I I I.e. The PRINT file

This file can b e iden tified b y its official name, whic h ends in prt.fits . It con tains v arious

source lists and P ostScript plots and images whic h the analysis soft w are pro duces as indi-

vidual FITS extensions. These extensions can b e con v erted to ascii text files and prin ted or

displa y ed to a terminal.

I I I.f. The HISTORY file

This file can b e iden tified b y its official name, whic h ends in his.fits . It con tains the

pro cessing log and parameter files generated/used b y SASS during sequence (SEQ) and OBI

pro cessing as 80 ASCI I c haracters p er ro w binary table extensions. These extensions pro-

vide some do cumen tation of the SASS pro cessing setup. Ho w ev er, the information con tained

in these extensions is fairly cryptic; in terpretation of this information generally requires at

least some familiarit y with the SASS pro cessing system.

I I I.g. The RA W EVENTS file

This file can b e iden tified b y its official name, whic h ends in raw.fits . It con tains p osi-

tion, time of arriv al and energy information for eac h photon b efore an y corrections are ap-

plied. The file consists of a NULL primary arra y and one BINT ABLE extension.

I I I.g.1 The Unco rrected Events T able

EXTNAME = ‘RA W COORD ’

This extension con tains the list of all photons b efore an y screening is done and b efore an y

corrections are applied. F or eac h photon, time of arriv al, uncorrected detector p ositions, and

uncorrected pulse heigh ts are giv en in the table.

I I I.h. The SOURCE LIGHTCURVE file

This file w as added to the PSPC fileset starting with RDF v ersion 3.0 in No v em b er 1994,

and can b e iden tified b y its official name, whic h ends in ltc.fits . It con tains the ligh t-

curv es for all sources for whic h ligh tcurv es ha v e b een extracted b y the pro cessing sys-

tem. The file con tains the STDGTI extension (whic h defines the accepted times used for

the ligh tcurv e extraction) and the ligh tcurv e extensions, one extension p er source. Eac h

extension is named LCnnnn , where nnnn is the n um b er of the source from the MPLSX list

(=MPLSX ID), padded with leading zeros if necessary .

IV. The HRI fileset

This section giv es more detailed information concerning the structure of the data files for

HRI data distributed in RDF.

IV.a. The BASIC file

Eac h data set con tains a ‘BASIC’ file, whic h con tains the ‘bare–b ones’, calibrated science

data. This is the essen tial information whic h an y one needs to kno w to p erform standard

scien tific analyses. The BASIC file can b e iden tified b y its official name, whic h ends in

bas.fits . Basic data generally consist of times whic h define the length of the observ ation,

and the photon ev en t list whic h giv es (for the HRI) time of arriv al, sky p osition, ra w (uncor-

rected) detector p osition, and ra w amplitudes for eac h photon. Status histories whic h can

b e used to filter the data are also giv en.

F or HRI data, the BASIC file consists of a NULL primary arra y and the follo wing binary

table (XTENSION= ‘BINT ABLE’) extensions.

IV.a.1 The standa rd go o d time intervals extension

EXTNAME = ‘STDGTI ’

This extension giv es the time in terv als whic h the standard analysis soft w are system (SASS)

has deemed to con tain go o d science time as defined b y the standard screening criteria (see

b elo w), and the corresp onding observ ation in terv al (OBI) n um b er.

IV.a.2 The ST AND ARD events list extension

EXTNAME = ‘STDEVT ’

This extension con tains the list of photons whic h ha v e passed the standard screening. F or

eac h detected photon, the list con tains x, y p osition, arriv al time, pulse heigh t, and ra w (un-

corrected) detector co ordinates. F or eac h photon a status is giv en designating whether that

photon passed or failed the standard screening. By definition all photons in the standard

ev en ts list passed standard screening.

IV.a.3 The REJECTED events list extension

EXTNAME = ‘REJEVT ’

This extension con tains the list of photons whic h w ere rejected b y the standard screening.

F or eac h detected photon, the list con tains x, y p osition, arriv al time, pulse heigh t, and ra w

(uncorrected) detector co ordinates. F or eac h photon a status is giv en designating whether

that photon passed or failed the standard screening. By definition all photons in the re-

jected ev en ts list failed standard screening. F or HRI data, the STDEVT and REJEVT ev en t

lists can b e merged, in whic h case the ST A TUS w ord then clearly defines the origin of eac h

ev en t–record in the new file. Also, the ALLQLM and TSI extensions describ ed b elo w can then b e used to redefine the screening parameters and allo w reco v ery of some or all of the

ev en ts rejected b y standard pro cessing.

IV.a.4 T emp o ral Status Histo ry extension

EXTNAME = ‘TSI ’

This table lists the qualit y flags as a function of time. The qualit y flags consist of P ASS-

F AILS and LOGICALS. P ASSF AILS indicate wh y data w ere rejected at a giv en time. LOG-

ICALS indicate the status of v arious spacecraft subsystems. P ASSF AILS and LOGICALS

are bit-enco ded. The description of the co ding used to define b oth P ASSF AILS and LOGI-

CALS is describ ed in the extension header.

IV.a.5 Qualit y Limits extension

EXTNAME = ‘STDQLM ’

This table giv es the allo w able v alues of the qualit y flags. F or the HRI these v alues are ac-

tual minim um and maxim um v alues within whic h the qualit y flags m ust fall.

IV.a.6 All Qualit y Limits extension

EXTNAME = ‘ALLQLM ’

This table giv es the qualit y limits for accepting the data as part of the observ ation, regard-

less of whether the data are scien tifically useful. These limits are used in determining the

en tire set of photons (accepted + rejected ev en ts) detected during the observ ation.

IV.b. The ANCILLARY file

Eac h HRI data set distributed in RDF con tains a file of ANCILLAR Y data. The ANCIL-

LAR Y file can b e iden tified b y its official name, whic h ends in anc.fits . The data pro-

vided in the ANCILLAR Y file, while not essen tial for scien tific analysis of the BASIC data,

is often v ery useful if more detailed analyses are required. Ancillary data include orbit and

spacecraft p oin ting information, and other engineering or housek eeping information.

F or HRI data, the ANCILLAR Y file consists of a NULL primary arra y and the follo wing

binary table (XTENSION= ’BINT ABLE’) extensions.

IV.b.1 The observation summa ry extension

EXTNAME = ‘OBST ABLE’

This extension giv es a summary of information describing the observ ation. This includes

start and stop times of the observ ation in terv als, p oin ting directions and roll angles, b ore-

sigh ts and the asp ect dela y used throughout the observ ation.

IV.b.2 The spacecraft ephemeris extension

EXTNAME = ‘EPHEM ’

This extension giv es information ab out the orbital ephemeris of the spacecraft as a function

of time. It includes the satellite p osition v ector, satellite longitude, latitude and altitude.

IV.b.3 The spacecraft p ointing extension

EXTNAME = ‘ASPECT ’

This extension giv es information ab out the p oin ting of the spacecraft as a function of time.

It includes spacecraft righ t ascension, declination and roll.

IV.b.4 The Housek eeping extension

EXTNAME = ‘HKP ’

This extension lists v alues of engineering and other housek eeping data as a function of time.

F or the HRI, 3 detector temp eratures are giv en.

IV.b.5 The Event Rate extension

EXTNAME = ‘EVRA TE ’

This table lists rates of detected ev en ts as a function of time. Primary and secondary sci-

ence rates, bac kground lev els, and SAA rates are among the tabulated quan tities.

IV.b.6 The Guide Sta r extension

EXTNAME = ‘GST AR ’

This table giv es a list of the catalog n um b ers of the guide stars used to deriv e the asp ect

solution as a function of spacecraft time. The actual catalog n um b ers are of no real imp or-

tance; what is imp ortan t is the n um b er of non–zero catalog n um b ers listed for eac h time in

the table, since this tells the user ho w man y guide stars w en t in to solving asp ect. In general,

there should b e no asp ect problems if 3 or more guide stars w ere found.

IV.c. Images

Images are stored as 512 x 512 primary arra ys in separate FITS files. All images use the

con v en tion in whic h (1,1) is the CENTER of the pixel in the LO WER left corner ( i.e. ,

the eastern-most/southern-most pixel). Deriv ed images include b oth total (source + bac k-

ground) and bac kground images.

There are 2 HRI image files included as part of the standard pro cessing – one total image

and one deriv ed bac kground image. The images use a compression of the scale b y a factor

of 16 ( i.e. , eac h pixel has a dimension of 8 x 8 arcseconds, rather than the 0.5 x 0.5 arc-

second pixels used in the STDEVT and REJEVT tables). Compression of the fo cal plane scale sa v es an enormous amoun t of space for an image con taining the en tire HRI field of

view. Ho w ev er, giv en the in trinsic spatial resolution of the HRI (whic h is a few arc-seconds)

compression b y a factor of 16 is somewhat unsatisfactory and ma y result in the loss of in-

formation. Detailed analysis of the HRI usually requires the user to create an image of a

sub–region of the HRI field of view at a smaller compression factor.

IV.c.1 The TOT AL image file

FILENAME: rh* im1.fits

This file con tains the total image constructed from all photons whic h passed the standard

screening as a 512 x 512 primary arra y .

IV.c.2 The TOT AL background image file

FILENAME: rh* bkg.fits

This file con tains the total bac kground image constructed from the TOT AL image after re-

mo v al of detected X–ra y sources as a 512 x 512 primary arra y .

IV.d. The SOURCE file

The SOUR CE file con tains information ab out sources in the field of view of the detector.

It can b e iden tified b y its official name, whic h ends in src.fits . This file con tains the

follo wing binary table (BINT ABLE) extensions:

IV.d.1 The detected X–RA Y source extension

EXTNAME = ‘SR CTBL ’

This table con tains information ab out sources in the field of view as detected b y the stan-

dard pro cessing system. P ositions, coun ting rates, v ariabilit y flags, etc. are included.

IV.d.2 The SIMBAD source list

EXTNAME = ‘SKYTBL ’

This table con tains information deriv ed from the SIMBAD (Set of Iden tifications, Measure-

men ts, and Bibliographies for Astronomical Data) database ab out all catalogued sources in

the field of view of the detector. (The SIMBAD database is op erated at CDS, Strasb ourg,

F rance.) P ositions, names, sp ectral t yp e or morphology , V and B magnitudes are among the

information pro vided.

IV.e. The PRINT file

This file can b e iden tified b y its official name, whic h ends in prt.fits . It con tains v arious source lists and P ostScript plots and images whic h the analysis soft w are pro duces as indi-

vidual FITS extensions. These extensions can b e con v erted to ascii text files and prin ted or

displa y ed to a terminal.

IV.f. The HISTORY file

This file can b e iden tified b y its official name, whic h ends in his.fits . It con tains the

pro cessing log and parameter files generated/used b y SASS during sequence (SEQ) and OBI

pro cessing as 80 ASCI I c haracters p er ro w binary table extensions. These extensions pro-

vide some do cumen tation of the SASS pro cessing setup. Ho w ev er, the information con tained

in these extensions is fairly cryptic; in terpretation of this information generally requires at

least some familiarit y with the SASS pro cessing system.