
CXC-DM-011CXC Data Model

Chandra Data Model Manual, Part 2:Toolkit User Guide
CIAO 2.2 EditionChandra X-ray CenterO
tober 22, 2001



2Contents1 Introdu
tion 52 Using dmlist to inspe
t �les 62.1 Syntax and des
ription . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62.2 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62.3 Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112.3.1 in�le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112.3.2 opt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112.3.3 out�le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132.3.4 rows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132.3.5 
ells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132.3.6 verbose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142.3.7 mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 dm
opy 143.1 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143.2 Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163.2.1 in�le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163.2.2 out�le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173.2.3 kernel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173.2.4 option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173.2.5 verbose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173.2.6 
lobber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182



33.2.7 mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184 Using dm
opy to �lter tables 184.1 Filtering on ranges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194.2 Filtering on spatial regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204.3 Column sele
tion and renaming . . . . . . . . . . . . . . . . . . . . . . . . . 225 Using dm
opy to bin tables into images 235.1 Expli
it binning of tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255.2 Impli
it binning of tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276 Using dm
opy to �lter images 276.1 Image �ltering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286.2 Image �ltering: IRAF notation . . . . . . . . . . . . . . . . . . . . . . . . . 287 Using dm
opy to format output 287.1 FITS to IRAF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288 Using dm
opy to rebin images 299 dmextra
t 299.1 Des
ription . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299.2 Extra
tion on a s
alar 
olumn . . . . . . . . . . . . . . . . . . . . . . . . . . 309.3 Defaults File . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319.4 Extra
tion on ve
tor 
olumn - spatial binning . . . . . . . . . . . . . . . . . 329.5 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339.6 Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363



49.6.1 in�le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369.6.2 out�le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379.6.3 bkg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379.6.4 error . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379.6.5 bkgerror . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389.6.6 bkgnorm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389.6.7 exp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389.6.8 bkgexp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399.6.9 opt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399.6.10 defaults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399.6.11 wmap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409.6.12 
lobber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409.6.13 verbose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4010 Using dmextra
t to 
reate PHA �les 4010.1 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4110.2 Using dmextra
t to generate spe
tra from multiple sour
es . . . . . . . . . . 4110.3 Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4



1. Introdu
tion 51 Introdu
tionThis do
ument des
ribes how to use the basi
 CIAO data �ltering and binning toolkit,
onsisting of the programs dmlist, dm
opy and dmextra
t. It has signi�
ant overlap withthe on-line ahelp �les for those tools. Users may wish to �rst read the User Introdu
tionwhi
h gives simple examples, and to use this do
ument in 
onju
tion with the User Referen
ewhi
h des
ribes the full DM syntax.

5



2. Using dmlist to inspe
t �les 62 Using dmlist to inspe
t �les2.1 Syntax and des
riptiondmlist infile opt [outfile℄ [rows℄ [
ells℄`dmlist' dumps the 
ontents or header of a �le or blo
k (a blo
k is a sub�le or FITS extension)to ASCII in an organized way. It 
orresponds to the FTOOLS fdump and fstru
t programs,but interprets the input �le at a higher level. All CXC data model formats are supported.dmlist uses a 
omma-delimited list of options to sele
t whi
h information is displayed: blo
ks,keys, 
omments; Header, Cols, Subspa
e, Data, Array, Full, Stru
t, all, 
lean, raw.Sele
ted rows of data may be dumped: rows=min:max2.2 Examples(1) dmlist a
is.�ts full,all | moreList everything dmlist 
an tell you about the �le and display the output using "more".(2) dmlist a
is.�ts opt=blo
ksSee what blo
ks are in the �le "a
is.�ts". (Sin
e opt is a positional parameter, you 
an omitthe 'opt=' if you like).(3) dmlist "a
is.�ts[2℄" opt=
olsSee what 
olumns are in the se
ond blo
k (note that we always 
ount starting at 1).(4) dmlist "a
is.�ts[events℄" opt=header,subspa
eLook at the header and the data subspa
e for the blo
k 
alled "events" in the �le. You
an 
hoose blo
ks either by name or by number. If you don't spe
ify a blo
k, the programguesses whi
h one you want.(5) dmlist "a
is.�ts[events℄[pha=20:30℄" opt=data rows=100:104Look at rows 100 to 104 of the virtual �le �ltered to show only pulse heights between 20 and30. Note the row numbers are those passing the �lter, not the original row numbers of theunderlying �le. 6



2. Using dmlist to inspe
t �les 7(6) dmlist "pha2.�ts[
ols 
hannel,
ounts℄" opt=array rows=3:3Look at the 
hannel and 
ounts arrays for row 3 of the �le, displayed in `array' (verti
al)format.(7) dmlist "a
is.�ts[events℄" opt=header,raw verbose=0Look at the FITS header instead of the DM-level header (the 'raw' option spe
i�es use ofthe low level interpretation) and generate a minimal, `bare' version of the output (verbose= 0).Some more detailed examples:dmlist file.dat blo
ksIn our test �le, this gives the result--------------------------------------------------------------------------------Dataset: file.dat--------------------------------------------------------------------------------Blo
k Name Type Dimensions--------------------------------------------------------------------------------Blo
k 1: HDU0 NullBlo
k 2: EVENTS Table 20 
ols x 6933 rowsBlo
k 3: GTI Table 2 
ols x 3 rowsThis tells us the �le has 3 blo
ks, 
onsisting of a null blo
k followed by 2 tables, the �rst ofwhi
h has 20 
olumns and 6933 rows.In general, the CXC tools operate on a single `blo
k' (table or image) in the �le. If you wantto look at the header for a blo
k 
alled EVENTS quote the blo
k name in square bra
ketsfollowing the �lename.(A
tually, in this 
ase, EVENTS is the default blo
k in the �le so you
ould get away with leaving it out).dmlist "file.dat[events℄" headerThis won't list all of the FITS header keys, just the ones that aren't `stru
tural'. Thedata model re
ognizes keywords like NAXIS (the number of axes in an image) or TUNIT47



2. Using dmlist to inspe
t �les 8(the unit string for the fourth 
olumn in a table) as part of the stru
ture of the �le, anddoesn't 
ount them as header metadata. In 
ontrast, keywords like INSTRUME (the nameof the instrument) or AVG ROLL (some generi
 pie
e of information written by the 
reatingprogram) are separate data in themselves, and while they are asso
iated with the data inthe table or image, they don't des
ribe its stru
ture. The dmlist header 
ommand lists onlythese extra, non-stru
tural header keys. The information 
ontained in the stru
tural keys ispresented by other options to dmlist: the 
ols option, whi
h des
ribes 
olumns in a table,and the subspa
e option whi
h des
ribes how the �le has been �ltered.To see the data without the header,dmlist "file.dat[events℄" dataThis will produ
e several thousand lines of output, so you probably want to either redire
tthe output to a �le or spe
ify an expli
it output �le:dmlist "file.dat[events℄" data outfile=tmp1
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2. Using dmlist to inspe
t �les 9Alternatively, you 
an ask to see only the �rst 10 rows:dmlist "file.dat[events℄" data rows=1:10--------------------------------------------------------------------------------Blo
k 2: EVENTS Table 20 
ols x 6933 rows----------------------------------------------------------------------------------------------------------------------------------------------------------------Data for Table Blo
k EVENTS--------------------------------------------------------------------------------ROW TIME MJF STARTMNF STOPMNF CRSV CRSU1 95469560.428006 2617 5 5 80 132 95469560.554886 2617 5 5 42 33 95469560.681366 2617 6 6 169 134 95469560.920710 2617 7 7 102 85 95469561.320374 2617 9 9 77 26 95469561.656374 2617 11 11 151 67 95469562.140630 2617 12 12 142 108 95469562.289910 2617 15 15 99 89 95469563.145110 2617 16 16 99 810 95469563.339750 2617 16 16 99 8(the remaining 
olumns are suppressed here for 
larity).To list the 
olumns in the event �le and the units, type, and range of the data;dmlist file.dat 
olsThe largest amount of information is provided bydmlist "file.dat[events℄" fullwhi
h is shorthand fordmlist "file.dat[events℄" blo
ks,header,
ols,subspa
e,data9



2. Using dmlist to inspe
t �les 10You 
an 
ombine any dmlist options by separating them with 
ommas.If you omit the blo
k name, e.g.dmlist "file.dat" datathe program will give you the �rst blo
k in the �le (ex
ept that it will ignore a null primaryheader in a FITS �le). You 
an also ask for a blo
k by number, remembering that in theCXC software things are always numbered starting at 1, so thatdmlist "file.dat[2℄" datagives the data for the se
ond blo
k in the �le.Be
ause dmlist uses the data model interfa
e, you 
an also use the full �ltering 
apabilitydes
ribed later in this manual, for instan
e to see only the TIME and PHA 
olumns for timevalues in a parti
ular 2-se
ond period:dmlist "file.dat[events℄[time=95470577.0:95470579.0℄[
ols time,pha℄" data--------------------------------------------------------------------------------Blo
k 2: EVENTS Table 2 
ols x 12 rows----------------------------------------------------------------------------------------------------------------------------------------------------------------Data for Table Blo
k EVENTS--------------------------------------------------------------------------------ROW TIME PHA1 95470577.055270 1242 95470577.083366 993 95470577.145014 1244 95470577.156406 2265 95470577.188102 1076 95470577.457638 1347 95470577.525878 1788 95470577.528742 1459 95470577.894214 9210 95470578.012118 13511 95470578.094582 9712 95470578.431686 87 10



2. Using dmlist to inspe
t �les 11Note that the program now reports the EVENTS blo
k as having only 2 
olumns and 12rows; it sees only the �ltered view of the table, not the full table itself.2.3 Parameters2.3.1 in�leThe input virtual �le spe
i�
ation. (string, input, required)2.3.2 optThe list of options, separated by 
ommas. Note: the options are a single parameter to thetool. When listing multiple options dire
tly on the 
ommand line, there must be no spa
esbetween them. Thus,dmlist file.dat header,
olsis good, and so isdmlist file.dat opt="header, 
ols"but notdmlist file.dat header, 
olssin
e this is read as two separate tool parameters by the parameter interfa
e library.A

eptable options are:� blo
ks - Summarize all the blo
ks (images or tables) in the �le, one line per blo
k.The dimensions of the image, and the number of rows and 
olumns in the table, aregiven for ea
h blo
k; the name of the blo
k is also given, and you 
an use this nameto a

ess spe
i�
 information about the blo
k.� keys - List the ASCDM header keys for the sele
ted blo
k. Remember that not all theFITS keywords in a FITS �le will be in
luded - the ones like EXTNAME and CRPIX11



2. Using dmlist to inspe
t �les 12that have a spe
ial meaning for the stru
ture of the �le don't 
ount as ASCDM keys,their values show up in other pla
es (e.g. the output from 
ols). With this option, the
omment and history re
ords are suppressed. To see the low level list of all raw FITSheader keywords in a FITS �le, use opt=header,raw.� 
omments - List the ASCDM 
omment keys for the blo
k. For a FITS �le, these keysare the COMMENT and HISTORY keywords.� header - Equivalent to Keys,Comments. List both DM level header keys and 
om-ment/history re
ords. - List the ASCDM header keys for the sele
ted blo
k. Rememberthat not all the FITS keywords in a FITS �le will be in
luded - the ones like EXTNAMEand CRPIX that have a spe
ial meaning for the stru
ture of the �le don't 
ount asASCDM keys, their values show up in other pla
es (e.g. the output from 
ols). To seethe low level list of raw FITS header keywords in a FITS �le, use opt=header,raw.� 
ols - List the ASCDM 
olumns for the sele
ted blo
k. Shows `ve
tor 
olumns' like(X,Y) as pairs. This output shows you the names of the variables you 
an �lter a tableon and what their valid ranges are. If the blo
k is an image, it gives you one 
olumnwith the name of the image (images are interpreted as a table with a single row and
olumn).� subspa
e - Summarizes the data subspa
e for the blo
k. This des
ribes the �ltersthat have been applied to the data, either by the user or in pro
essing.� data - Prints the data segment. The 
ells parameter 
ontrols how mu
h of an array
olumn gets printed. By default, the data is printed in an `ornate' format showingarrays grouped in parentheses et
. If you use "Clean" option as well, the output isin a simpler format suitable for reading by other analysis programs. Known bug: forimages, the attempt to print a whole array on a single line 
an 
ause the software to
rash - use `array' instead.� array - Prints the data segment, but with arrays printed verti
ally. The 
ells parameter
ontrols how mu
h of an array 
olumn gets printed.� full - Equivalent to 'blo
ks,header,
ols,subspa
e,data'� stru
t - Equivalent to 'header,
ols,subspa
e'� all - Print the info sele
ted by the other options for all the blo
ks in the dataset.� 
lean - When used in 
onjun
tion with the Array or Data options, produ
es strippeddown output suitable for parsing by other programs.� raw - Provides a lower level view of the header. 'header,raw' lists the raw FITS headerkeywords, not just the data model keywords. The old 'data,raw' fun
tionality is nowprovided by 'data,
lean'. 12



2. Using dmlist to inspe
t �les 132.3.3 out�leThe output ASCII �le to be 
reated; output is sent to the s
reen if this parameter is blank.2.3.4 rowsRange of table rows to print (min:max)rows=30:40Print row 30 to row 40rows=40Print row 1 to 40rows=40:40Print only row 40rows=" "rows=-1Print all rows2.3.5 
ellsRange of array indi
es to print in array 
olumns and in images.
ells = 1:8Print only array elements 1 to 8 of ea
h array
ells = allPrint all array elements. 13



3. dm
opy 142.3.6 verboseStandard CIAO parameter. Controls amount of information to print (0-5). The verboseparameter provides debugging information; verbose = 0 is usually �ne.2.3.7 modeStandard CIAO parameter. See the parameter interfa
e do
umentation. mode=h will stopthe program prompting for parameters.3 dm
opydm
opy infile outfile [kernel℄ [option℄ [verbose℄ [
lobber℄ [mode℄`dm
opy' is a very general program whi
h 
opies a `virtual �le' (a table or image with a�lter spe
i�
ation) to a physi
al disk �le. For details of the virtual �le syntax, see "ahelpdmsyntax". Some uses are:� Filtering tables. dm
opy sele
ts rows and 
olumns from a table, making an output �le
onsisting of the �ltered table.� Binning tables to an image. Sele
t any n 
olumns from a table, and make an n-dimensional binned image from them.� Filtering images, sele
ting subsets (spatial, temporal, energy, et
.) of an image.When do you get a table as output and when do you get an image? If the input to dm
opyis an image, the output will be an image. If the input is a table and you use the "bin" or"opt image" 
ommands, you'll get an image as output. Otherwise, you'll get a table.3.1 Examples(1)dm
opy "bas.fits[stdevt℄" out.fits 14



3. dm
opy 15This 
opies the table STDEVT in dataset "bas.�ts" to "out.�ts". Note that use of theUnix 
ommand line requires quotes when the string has [ ℄ in it. In the DM paradigm, anyGTI (Good Time Interval) table in bas.�ts is also 
opied, as it 
ontains information that's
onsidered to be "part of" the event table.(2)dm
opy "bas.fits[stdevt℄[time=5000:5200℄" out.fitsThis 
opies the table STDEVT in dataset "bas.�ts" to "out.�ts", in
luding only those rowswith times between 5000 and 5200. This assumes that STDEVT 
ontains a 
olumn 
alledTIME. We also 
opy along the Good Time Intervals table, if present, and update it by inter-se
ting with our time �lter. If present, ONTIME, LIVETIME and EXPOSURE keywordsare also updated.(3)dm
opy "bas.fits[stdevt℄[time=5000:5200℄" out.fits option=allThe use of the "option=all" 
ommand in dm
opy for
es any other tables or images in thebas.�ts dataset to be 
opied over along with the table you are �ltering. For instan
e, aROSAT FITS event �le may have a STDQLM table, among others. The default behaviourof dm
opy is to drop su
h extra tables during a 
opy, but option=all ensures they are 
arriedalong.(4)dm
opy "bas.fits[stdevt℄[pha=20:30,grade> 4℄" tmp1.fitsdm
opy "bas.fits[stdevt℄[time=1522012:1522320,1522400:1522600℄" tmp2.fitsdm
opy "bas.fits[stdevt℄[(x,y)=
ir
le(3001.2,4982.3,14.5)℄" tmp3.fitsdm
opy "bas.fits[stdevt℄[sky=
ir
le(3001.2,4982.3,14.5)℄" tmp3.fitsdm
opy "a
is.fits[events℄[status=10x1x10℄" tmp3.fitsdm
opy "region.fits[2℄[shape=point℄" tmp3.fitsThese examples �lter the same table sele
ting only some events. (You 
an use the dmlist toolto �nd out what 
olumns are available for �ltering). Support has been added in CIAO1.1.5for �ltering on bit type 
olumns (using a bit string of ones and zeros with 'x' used as a wild
ard) and on string type 
olumns - see the last two examples above.(5) 15



3. dm
opy 16dm
opy "input.fits[EVENTS℄[bin x=10:100:1,y=1:100:1℄" image1.fitsThis bins an event list in input.�ts to 
reate an image in "image1.�ts". The quali�er [binx=10:100:1, y=1:100:1℄ sele
ts a subset of the image with no blo
king. To "blo
k" the image,use e.g. [bin x=10:100:2,y=1:100:2℄, giving an image ea
h of whose pixels 
orresponds to 4pixels in the original image.(6)dm
opy "input.fits[events℄[bin pha=1:4096℄" phaimage.fitsThis bins an event list in input.�ts to 
reate a 1D PHA image: (see the dmextra
t tool forbinning it to an XSPEC 
ompatible PHA table �le)(7)dm
opy "image.fits[200:512,128:500℄" image3.fitsThis 
opies only that part of the image for whi
h the �rst axis pixel number lies between200 and 512 and the se
ond axis pixel number is between 128 and 500.3.2 Parameters3.2.1 in�leInput virtual �le. The CXC virtual �le syntax is �lename[quali�er℄[quali�er℄....; see `ahelpdmsyntax' or the syntax guide in this manual for details.Currently FITS and IRAF/QPOE,IMH format �les are supported. If the virtual �le is notwell de�ned, the program gives an error message and exits. Quali�ers that 
an be used to�lter the input �le are:[blo
k℄: the blo
k part of the syntax is the table/image name (for FITS, HDU name or1-based HDU number). You 
an omit the [blo
k℄, in whi
h 
ase the �rst `interesting' blo
kis used: in the 
ase of FITS, null primary headers and good time intervals are ignored.�lter - is a list spe
ifying ranges of 
olumn values to a

ept, �ltering out rows of a table orportions of an image. In the 
ase of an image, where the axes may be unnamed, the 'name='
an be omitted and the ranges are assumed to be in order of the axes.16



3. dm
opy 17
ols - spe
i�es the names of 
olumns to in
lude, when sele
ting from a table.bin - is a sequen
e de�ning table 
olumns to bin to 
reate an image �le.newblo
k - is a name for the resulting blo
k; if omitted, the name of the input blo
k is used.3.2.2 out�leThe output �lename to be 
reated.3.2.3 kernelThe output �le format type (�ts/iraf). Defaults to the same as input.3.2.4 optionoption=value (image/all/type). Controls the behaviour of dm
opy.� option = all, Copies all blo
ks in the input �le, not just the one you are �ltering. Theother blo
ks are 
opied without 
hange. However, GTIs are treated spe
ially.� option = image, For
es the virtual �le to be interpreted as an image, even if the inputis a table and there is no [bin℄ element in the spe
i�
ation.� (depre
ated) option = "type=i4", used with binning tables to images. For
es the typeof the resulting image to be 4-byte integer. "type=i2" (2-byte integer, whi
h is thedefault anyway) and "type=r4" (4-byte real) are also supported. This option is nowsupported within the virtual �le syntax itself, e.g. "dm
opy "�le.�ts[bin sky=4℄[optiontype=i4℄", and is provided here for ba
k 
ompatibility. Note that this option does notwork when 
opying images to images, and so 
annot be used to 
hange the type of anexisting image.3.2.5 verboseVerbose 
an be from 0 to 5, generating di�erent amounts of output.
17



4. Using dm
opy to �lter tables 183.2.6 
lobberIf out�le already exists, 
lobber=yes will allow you to overwrite it. The default is no.3.2.7 modeStandard CXC parameter; mode=h suppresses parameter prompting. See the parameterinterfa
e do
umentation.4 Using dm
opy to �lter tablesThe dm
opy tool is a versatile program whi
h you 
an use to manipulate data. Unlike dm-list, whi
h produ
es text output, dm
opy produ
es a new data �le in one of the supportedformats. It provides a way to �lter �les by 
opying a virtual �le to disk. In simple use, youtype: dm
opy virtual-�le output-�leIn this se
tion we des
ribe the syntax you 
an use to de�ne a virtual table whi
h is a �lteredversion of the input table. See the referen
e manual 
hapter for full details of the syntax.The simplest 
ase of a virtual �le is the name of a 
omplete �le:dataset nameThis gets you the �rst `interesting' blo
k in the dataset. In a FITS �le, this is deemed to bethe �rst blo
k for whi
h NAXIS (the number of image dimensions) is nonzero. That meansthat you get the image in a FITS image �le, and the �rst binary table in a FITS binarytable �le with a null primary HDU.For analogy with FTOOLS, we provide the following syntax to a

ess the nth blo
k in thedataset:dataset name[n℄where n is a positive integer. Example: 18



4. Using dm
opy to �lter tables 19rh1012.fits[2℄a

esses the 2nd blo
k in the �le rh1012.�ts. (note that throughout the DM we always
ount starting at 1; the FITSIO subroutine library 
ounts HDUs from 1, but the FTOOLSprograms 
ount from 0).A friendlier syntax for a

essing a spe
i�
 blo
k is:dataset name[blo
k name℄In a FITS �le, the blo
k name is de�ned to be the value of the HDUNAME keyword, ifpresent. otherwise it's the value of the EXTNAME keyword (
on
atenated with EXTVERif that is present). If none of these are present, the blo
ks are named HDU1, HDU2, et
.You 
an usedmlist dataset name blo
ksto �nd the names of the blo
ks in a �le.4.1 Filtering on rangesWe sele
t rows bydataset name[blo
k name℄[name=min:max,min:max,min:max,name=min:max,min:max...℄for example:dm
opy "rh1012.fits[events℄[pha=1:20,50:90,time=100:200,500:900℄" outfile.fitsThe 
olumns may also be a

essed by 
olumn number e.g.dm
opy "rh1012.fits[events℄[#1=1:20,50:90,#4=100:200,500:900℄" outfile.fits
19



4. Using dm
opy to �lter tables 204.2 Filtering on spatial regionsRegions are explained more fully in se
tion ??. As an example, 
onsider a simple region, abox 
entered at dete
tor pixels 4100,3170 and with sides of length 25 pixels.dm
opy "infile.fits[events℄[(tdetx,tdety)=box(4100,3170,25,25)℄" outfile.fitsTo extra
t events from the above box 
hanged to width 200, height 30, and rotated 45degreees (as seen proje
ted on the sky):dm
opy "infile.fits[events℄[(tdetx,tdety)=rotbox(4100,3170,200,30,45)℄"outfile.fitsFor a sour
e within a 
ir
ular region of radius 7 pixels and 
entered at sky 
oordinates4732,4385;dm
opy "infile.fits[events℄[(x,y)=
ir
le(4732,4385,7)℄" outfile.fitsFor 
onvenien
e the notation, sky = (x,y), may be used in Chandra event �les; use 'dm
opy�lename 
ols' to see what names the DM re
ognizes for pairs of 
olumns in a parti
ular �le.Regions may be 
ombined. For a 45-90 degree se
tor of an annulus;dm
opy "infile.fits[events℄[sky=annulus(4732,4385,10,100)*pie(4732,4385,100,45,90)℄" outfile.fitsYou 
an import text region �les and CXC FITS region �les with the syntaxdm
opy "infile.fits[events℄[sky=region(filename)℄" outfile.fitsRegions may be ex
luded by (in intera
tive mode) pre
eding the shape name with a "!";on the unix 
ommand line this must also be pre
eded by a ba
kslash. Thus to ex
lude theabove sour
e;dm
opy "infile.fits[events℄[ex
lude (x,y)=\!
ir
le(4732,4385,7)℄" outfile.fitshowever, this does not work for the "region(�lename)" option. A more general approa
h isto use the �lter ex
lude syntax: 20



4. Using dm
opy to �lter tables 21dm
opy "infile.fits[events℄[ex
lude (x,y)=
ir
le(4732,4385,7)℄" outfile.fitsdm
opy "infile.fits[events℄[ex
lude (x,y)=region(ds9.reg)℄" outfile.fitsRotated ellipses and other regions are also supported. See se
tion ??.In addition, it is possible to de�ne grids of regions, using the \pgrid" and \rgrid" spe
i�ers,whi
h are based on the pie and re
tangle region spe
i�ers respe
tively. Ea
h `
ell' in the gridis then e�e
tively an input �le for the DM tool. The syntaxes arepgrid(x
en,y
en,rmin:rmax:dr,thetamin:thetamax:dtheta), andrgrid(xmin:xmax:dx,ymin:ymax:dy).The se
ond variable, theta or y, is the more rapidly varying variable. That is, the order inwhi
h the 
ells are stepped through is determined by taking the starting value of the �rstvariable (r or x) and stepping through all the values of the se
ond variable (theta or y), thenin
rementing the �rst variable. For example,foo.�ts[events℄[sky=rgrid(1:3:1,2:6:2)℄expands to an input sta
kfoo.�ts[events℄[sky=re
tangle(1.0,2.0,2.0,4.0)℄foo.�ts[events℄[sky=re
tangle(1.0,4.0,2.0,6.0)℄foo.�ts[events℄[sky=re
tangle(2.0,2.0,3.0,4.0)℄foo.�ts[events℄[sky=re
tangle(2.0,4.0,3.0,6.0)℄(the syntax for re
tangle is (xmin,ymin,xmax,ymax))andfoo.�ts[events℄[(x,y)=pgrid(10,10,0:2:1,0:360:180)℄expands to an input sta
kfoo.�ts[events℄[(x,y)=pie(10.0,10.0,0.0,1.0,0.0,180.0)℄foo.�ts[events℄[(x,y)=pie(10.0,10.0,0.0,1.0,180.0,360.0)℄foo.�ts[events℄[(x,y)=pie(10.0,10.0,1.0,2.0,0.0,180.0)℄foo.�ts[events℄[(x,y)=pie(10.0,10.0,1.0,2.0,180.0,360.0)℄(pie syntax is (x
en,y
en,rmin,rmax,thetamin,thetamax)).21



4. Using dm
opy to �lter tables 22To use the grid input above, one would need to spe
ify four output �les in an output sta
k.The output sta
k �le is simply an as
ii �le with the names of the output �les one to a line.For example:gridout1.�tsgridout2.�tsgridout3.�tsgridout4.�tsIf the output sta
k is 
alled \out�les.lis", then, putting it all together, the dm
opy 
ommandwould be:dm
opy "foo.fits[events℄[sky=rgrid(1:3:1,2:6:2)℄" �outfiles.liswhi
h is equivalent to the four 
ommandsdm
opy "foo.fits[events℄[sky=re
tangle(1.0,2.0,2.0,4.0)℄" gridout1.fitsdm
opy "foo.fits[events℄[sky=re
tangle(1.0,4.0,2.0,6.0)℄" gridout2.fitsdm
opy "foo.fits[events℄[sky=re
tangle(2.0,2.0,3.0,4.0)℄" gridout3.fitsdm
opy "foo.fits[events℄[sky=re
tangle(2.0,4.0,3.0,6.0)℄" gridout4.fits4.3 Column sele
tion and renamingWe 
an sele
t 
olumns from a table blo
k bydataset name[
olumns 
olumn-list℄for examplerh1012.fits[
olumns det,pha,time℄In the sele
t quali�er, there are two spe
ial reserved 
olumn names: #all and #none, withsynonyms * and -. Thusrh1012.fits[events℄[
olumns -℄makes a 
opy of the header and data subspa
e of rh1012.�ts[events℄, but with an emptytable/image se
tion. This is useful for making a �lter �le (see below). (Note: the data22



5. Using dm
opy to bin tables into images 23subspa
e re
ords the sele
tion history of the data, e.g. GTI, PHA �lter, et
: see the datamodel design do
ument).To delete a 
olumn, use the ! operator:rh1012.fits[
olumns !pha℄Finally we 
an spe
ify the desired name of the virtual �le, although this may be overridenby some appli
ations:rh1012.fits[events℄[
olumns pha,time℄[newname℄The required ordering of the quali�ers is intended to re
e
t a logi
al ordering of the opera-tions: �rst an input blo
k is 
hosen, then it is �ltered on rows, then on 
olumns, and �nallyit is asso
iated with a named virtual blo
k. Expli
itly naming the virtual blo
k may beuseful in 
ases where the program is expe
ting a blo
k with a parti
ular name, e.g.rh1012.fits[EVENTS℄[STDEVT℄opens the table EVENTS, but when the program asks what the table's name is, the datamodel will `lie' and tell it that the name is `STDEVT'.5 Using dm
opy to bin tables into imagesThe primary dataset used by X-ray astronomers is the photon event list, whi
h is a table
ontaining information about one photon in ea
h row. To visualize this event list, users willwant to bin it into an n-dimensional image. The virtual �le syntax gives you a way to pi
kany set of 
olumns in the event list, or any other table, and bin them up into a histogram.The simplest example is to make an image from the X and Y sky pixel position 
olumns.The table may look likePOS(X,Y) Range = 1:5X Y TIME PHA Other 
olumns....4 3 10 3 ...4 4 15 3 ....4 3 15 3 ...1 2 20 2 .... 23



5. Using dm
opy to bin tables into images 24meaning that in the above 5 x 5 pixel spa
e, we have dete
ted 4 photons: 2 of them at (4,3),1 at (4,4) and 1 at (1,2). Choosing a (default) binning fa
tor of 1, we 
an make a 5x5 X,Yimage as follows:X 1 2 3 4 5Y----------------1 | 0 0 0 0 02 | 1 0 0 0 03 | 0 0 0 2 04 | 0 0 0 1 05 | 0 0 0 0 0Note that the event list representation is more 
ompa
t for this sparse image, but we wantto be able to make the image representation so that we 
an look at it in standard imagedisplay programs, and use it in existing image analysis software.Alternatively, we may not 
are about the spatial dependen
e of the photons, but insteadwant to look at the light 
urve. The pro
ess is the same but only in 1 dimension: supposewe bin by 5 time units and represent the results by a new table:TIME |---- |0-5 | 05-10 | 110-15 | 215-20 | 1we now have a one-dimensional image of 
ounts versus time. We 
ould do the same withPHA (pulse height, related to photon energy),PHA |---- |1 | 02 | 13 | 34 | 0The dm
opy program allows users to 
arry out these binning operations and write theoutput to an image �le, usually a FITS image. As for the TIME and PHA examples above,it 
an also be useful to store a 1-D image as a new, binned, table; the information is the same,24



5. Using dm
opy to bin tables into images 25but the representation is di�erent. The standard analysis programs for PHA spe
tra requirethe binned data to be stored as a table rather than an image, so that extra 
olumns likestatisti
al error 
an be stored at the same time; the dmextra
t program des
ribed elsewherein this manual is used to bin into a table format �le. The dm
opy program is only able tomake an image format �le, so you'll need to use dmextra
t to make an XSPEC-
ompatiblePHA �le.5.1 Expli
it binning of tablesTo make an X,Y image from an event list { the most 
ommon thing you might want to do{ simply use dm
opy as follows:dm
opy "rh1012.fits[bin x=32,y=32℄" image.fitsThis makes an image whose pixels are binned by 32 in ea
h dire
tion (if rh1012.�ts has arange of x and y of 1:8192, this will 
ompress to a 256X256 image). To make a full resolutionimage of a small se
tion,dm
opy "rh1012.fits[bin x=4000:4200,y=4000:4200℄" image2.fitsThe \bin x,y" syntax denotes that we are binning instead of �ltering, and spe
i�es the
olumns we want to bin on.If we want to make an image on 
olumns whi
h are not the default 
olumns, we use thesyntaxrh1012.fits[bin pha,time℄This is the repla
ement for the old PROS key= syntax. The fa
t that the keyword 'bin' isfollowed by a spa
e and not = allows us to re
ognize that this grouping is a binning 
ommandand not a �lter on a 
olumn named 'bin'. We may also want to support the 'key=' syntaxas a ba
k 
ompatibility option.These binning operations on tables use a bin size of 1 and use the TLMIN/TLMAX keywordsto �gure out the size of the resulting image. If you want to use a di�erent bin size and axisrange, the syntax isdm
opy "rh1012.fits[events℄[bin pha=4:10:2,time=100:200:10℄" outfile_img.fits25



5. Using dm
opy to bin tables into images 26whi
h makes a 2D image of 
ounts versus pha and time, with the pha axis having 4 pixelsrunning from 4 to 10 in steps of 2, and the time axis having 10 pixels running from 100 to200 in steps of 10. This syntax syould also be used if the keywords are not there (as is the
ase with some old ar
hival �les).rh1012.fits[bin energy=5:10:0.02℄will make a 1-D image of 
ounts versus energy (i.e. a spe
trum). In generalblo
k_name[bin name=min:max:step,name=min:max:step,...℄If min is greater than max, the output image has the axis reversed with respe
t to the inputone.To �lter and bin at the same time,rh1012.fits[events℄[pha=2:7,y=1000:1100℄[bin pha=4:10:2,time=100:200:10℄Note that this makes a 2-D pha, time image whi
h is 4 x 10 pixels in size, but the pixelswith pha more than 7 will be zero sin
e those pha values were �ltered from the table.To blo
k a table into an image by a given fa
tor,rh1012.fits[bin detx=4,dety=4℄whi
h is equivalent to the oldrh1012.fits[key=detx,dety℄[bl=4℄The bl=n blo
king option would now by default be interpreted as a �lter on a 
olumn 
alled'bl'. Again, ba
k 
ompatibility support is a possibility.For a `ve
tor 
olumn' (seen in dmlist as DET(DETX,DETY)) you 
an use just the grouped
olumn name, "det", or "sky" for (x,y), or "
hip" for (
hipx,
hipy).rh1012.fits[bin det=4℄ 26



6. Using dm
opy to �lter images 275.2 Impli
it binning of tablesThe dm
opy program tries to interpret the syntax as a table �rst, and only if that fails doesit try to open an image. You 
an for
e it to try and make an image with the `option=image'parameter. Other programs may expli
itly require an image as imput. If the program istrying to open an image, but you give it a table (possibly with a �lter applied), what doesit do? As a spe
ial dispensation, we guess that you really meant to bin the image in thedefault way. The `default way' has several levels to it:� The most basi
 default is to bin the table on its �rst two 
olumns with a bin size of 1.� If the table has de�ned `preferred axes', those 
olumns are used instead of the �rsttwo. These preferred axes are de�ned in the CPREF keyword of a FITS �le.� If there are no expli
it preferred axes, but the table has 
olumns 
alled X and Y, those
olumns are used.Example:dm
opy "rh1012.fits[events℄" image.fits option=imagemakes an image by binning rh1012.�ts in the default way.A row-�ltered table:rh1012.fits[events℄[pha=4:8,time=100:200,400:500℄may also be used as input to a virtual image; in this 
ase the rows are �ltered prior to imagebinning. If the base blo
k is an image, the same syntax implies an image se
tion on thenamed axes.6 Using dm
opy to �lter imagesThe dm
opy program and other DM programs 
an also be used to �lter images { in otherwords, to make a new image by sele
ting a subset of the pixels in that image.The same simple syntax we used to refer to tables:27



7. Using dm
opy to format output 28ih1012.fitsih1012.fits[1℄ih1012.fits[events℄may also refer to an image.6.1 Image �lteringThe syntax for image �ltering is the same as for table �ltering. Currently you 
an only image�lter on 2 axes, and in many images the axes don't have names. Images made from eventlists by dm
opy do retain the original 
olumn names as axis names.6.2 Image �ltering: IRAF notationWe also support the old IRAF image se
tion notation, i.e.ih1012.fits[100:200,100:400℄whi
h is equivalent toih1012.fits[#1=100:200,#2=100:400℄7 Using dm
opy to format outputIn this se
tion we des
ribe the syntax you 
an use to de�ne the format of the output �le.At this time two formats are supported: �ts and iraf. The format is set by the \kernel"parameter.7.1 FITS to IRAFTo extra
t a small region from a �ts events table and output an iraf qp �le;dm
opy "infile.fits[events℄[x=3500:4500,y=3025,4025℄" outfile.qp kernel=iraf28



8. Using dm
opy to rebin images 29To extra
t an iraf image at full resolution:dm
opy "infile.fits[events℄[bin x=3500:4500:1,y=3025:4025:1℄" outfile.img kernel=irafUnfortunately, the PROS software makes some ROSAT-spe
i�
 assumptions whi
h meanthat Chandra QPOE data 
an only be used by 
ertain PROS tasks; timing tasks have beenused with some su

ess.8 Using dm
opy to rebin imagesTo rebin an image, we use the same syntax as for binning tables. However, support forrebinning images is still unreliable if the images are blo
ked (image pixel 
oarser than originalpixel).rh1012.fits[bin pha=4:10:2,time=100:200:10℄if this time rh1012.�ts is a 2D pha versus time image, a new lower resolution image isgenerated with the same axes but 
oarser pixels.9 dmextra
t9.1 Des
riptionMake a histogram table �le (e.g. PHA �le) from a table 
olumn. Generate 
ount histogramon supplied regions for a spatial table or image �le.dmextra
t infile outfile [bkg℄ [error℄ [bkgerror℄ [bkgnorm℄ [exp℄[bkgexp℄ [sys_err℄ [opt℄ [defaults℄ [wmap℄ [
lobber℄ [verbose℄`dmextra
t' 
reates a histogram from a 
olumn of data in a table. Both s
alar (PHA, time,et
.) and ve
tor (DET, SKY, et
.) 
olumns are supported. dmextra
t thus in
ludes the
apability to 
reate PHA �les, light 
urves, and spatial radial pro�les.29



9. dmextra
t 30In the 
ase of s
alar 
olumns, a simple linear binning of the data is available, while for ve
tor
olumns ('spatial extra
tion') the user 
an de�ne the bins via a set of regions. Supportfor ba
kground 
orre
tion is available for both s
alar and ve
tor 
olumns. Ve
tor 
olumnextra
tion also supports exposure 
orre
tions and images as input.9.2 Extra
tion on a s
alar 
olumn`dmextra
t' takes as input a table or set of tables, often an event list. It generates an`extra
tion', a histogram of the data binned on any one 
olumn in the table. The resulting�le is also a table, 
ontaining the histogram and asso
iated errors and rates. For a s
alar
olumn the extra
tion is de�ned using the CXC Data Model (DM) binning syntax (see "ahelpdmsyntax") in the input �le string (see examples).The default mode of dmextra
t ("opt=pha1") is to generate a HEASARC/OGIP-
ompatibleType I PHA �le. For X-ray event data, the PHA (pulse height) is an instrumental quantityrelated to the photon energy; the mapping from PHA to energy varies with dete
tor positionand sometimes time, and we also use the PI (pulse invariant) value, whi
h is the PHA
orre
ted to a standard energy s
ale. The PHA �les are used in 
ombination with responsematri
es (RMF �les), whi
h are made for either PHA or PI binning. See the threads onspe
tral �tting for advi
e on how to use PHA �les.Using "opt=generi
" is appropriate when binning on a 
olumn other than PHA or PI. Thisgenerates a �le whi
h is similar to a Type I PHA �le, but doesn't 
ontain keywords spe
i�
to PHA data. For instan
e, you 
an bin on TIME to make a simple light 
urve, or you 
anbin an aspe
t solution �le on RA to see the histogram of the RA distribution.Using "opt=pha2" makes a Type II PHA �le, in whi
h ea
h line of the �le 
ontains a 
ompletespe
trum with errors. This option is used when the input is a sta
k of virtual �les. One lineof the output �le is 
reated for ea
h input extra
tion, so the in�le in this 
ase will usuallybe a sta
k. For 
olumns other than pha and pi, opt=generi
2 makes a similar �le withoutPHA spe
i�
 keywords.The 
omplete binning spe
i�
ation is "[bin 
ol=min:max:step℄". For instan
e,dmextra
t "evt1.�ts[bin pha=1:2048:2℄" out.phaYou 
an leave out any of the min,max,step, for instan
e[bin pha=:2048℄, [bin pha=::2℄, [bin pha=5::℄Default values will be �lled in from the maximum valid range of the 
olumn (in the 
aseof a FITS �le, the values of the TLMINn, TLMAXn 
olumns) and the default binning (the30



9. dmextra
t 31CXC spe
i�
 keyword TDBINn, if present). If all values are omitted, e..g [bin pha℄, and theoptional "defaults=�lename" parameter is supplied, dmextra
t will look in the defaults �lefor a suitable binning for that 
olumn.Both types of output �les will have the 
olumns CHANNEL, COUNTS, STAT ERR, andCOUNT RATE. Type II output �les will also have the 
olumns SPEC NUM and TOTCTS.It 
an be useful to en
ode extra information about the extra
tion in the output �le. Forthe ASCA mission, the idea of a WMAP (weight map) was introdu
ed: asso
iated with theextra
tion table is an image of the extra
tion region. Spe
i�
ally, the PHA FITS �le hasin its primary header an image 
ontaining a low resolution map of the sour
e in dete
tor
oordinates. This allows downstream software to determine the appropriate weighting for
alibrations whi
h depend on dete
tor position (for instan
e, e�e
tive areas may depend onthe o�-axis angle). The dmextra
t wmap parameter allows the user to de�ne su
h a wmap;we re
ommend 'wmap="det=8"' to 
reate a map in DETX,DETY 
oordinates binned by afa
tor 8, if you are making a PHA �le whi
h will be used with mkwarf (see "ahelp mkwarf").The wmap option is 
urrently only useful when making a PHA �le, although in prin
iple it
ould be used by software making exposure 
al
ulations for other quantities.`dmextra
t' optionally writes a SYS ERR keyword to the �le header, using the value ofthe sys err parameter provided by the user. The SYS ERR keyword denotes the fra
tionalsystemati
 error asso
iated with the data; thus "sys err=0.05" indi
ates a 5 per
ent error.This error may be added in quadrature by downstream software to the statisti
al errorsprovided in the extra
tion.Error 
onditions:� If either the requested 
olumn does not exist, the minimum bin number ex
eeds themaximum bin number, or the step size is negative, an appropriate error message isdisplayed and the program halts.� If the input �le does not 
ontain a LIVETIME keyword, livetime is set to 1.0.9.3 Defaults FileThe dmextra
t defaults �le is 
ompatible with the XSELECT mission database (mdb) �le.It is a text �le 
ontaining lines of the form teles
op:instrume:key value where teles
op andinstrume are the values of the FITS TELESCOP and INSTRUME keywords, and dmextra
tre
ognizes keys of the form 
olname binning. Example:Chandra:ACIS:pi binning 0:4095:2 31



9. dmextra
t 32For example, to add a default for HRC time binning of 20s bins, one might addChandra:HRC:time binning ::20.09.4 Extra
tion on ve
tor 
olumn - spatial binningThe se
ond method of extra
tion for `dmextra
t', binning on a 2-dimensional quantity like'sky(x,y)' or 'det(detx,dety)' 
an take an event or image �le and a set of regions to extra
tand sum the 
ounts in ea
h of those regions. The user 
an supply a ba
kground �le or regionsto remove from the sour
e to 
reate a total 
ount rate. There are several options for theextra
tion syntax.filename[bin sky=shape(x0,y0,...)℄Indi
ates a 
ount extra
tion on the sky 
olumn with a single bin spe
i�ed by the shape (forexample 
ir
le(4096,4096,20)). The user may supply a sta
k of regions, with ea
h region aseparate line in an ASCII �le region.lis:filename[bin sky=�region.lis℄or, for the spe
ial 
ase of the ANNULUS shape, 
an de�ne a set of nested annuli withfilename[bin sky=annulus(x0,y0,rmin:rmax:step)℄(this syntax will only work in a 
ommand line, not in a region �le).Note that in no 
ases are default binning parameters allowed for ve
tor 
olumn extra
tion(e.g., �lename[bin sky℄ or �lename[bin det℄ are not allowed and will result in a fatal error).A valid region spe
i�er must be in
luded (e.g. sky=
ir
le...).The sour
e extra
tion will 
ount up the number of events within ea
h region. Errors willbe 
al
ulated on the 
ounts based on either poisson or gaussian statisti
s. The 
ount rateis determined by using the exposure time for the �le. If a user supplies a ba
kground �lewith regions, or a �xed ba
kground (
ounts/pixel/s), this value will be used to perform aba
kground 
orre
tion on the sour
e 
ounts. The information on the ba
kground 
ounts willbe in
luded in the output as well as net 
ounts and net rates. Ba
kground information 
anbe normalized. The default is to normalize the 
ounts with respe
t to the relative exposuretimes and geometri
 areas in the input and ba
kground �les.32



9. dmextra
t 33The user 
an optionally supply an exposure map that 
orresponds to the input �le. Theregions 
hosen in the input will be extra
ted and a weighted exposure 
orre
tion over thatregion will be applied to the 
ounts. The ba
kground �le 
an also have an exposure 
orre
tionapplied to it. An EXPOSURE (and BG EXPOSURE if relevant) 
olumn will be added tothe output table; note that the EXPOSURE keyword will no longer be present in the header.The are three di�erent methods of error 
al
ulations. Errors are generally 
al
ulated bypoisson methods using the Gehrels approximation:error = 1 +p(N + 0:75)Alternatively, the user may sele
t gaussian errors:error =p(N)If the user has a varian
e image at the same pixel s
ale as the input �le, this 
an be usedinstead of other error methods. The region from the input �le is extra
ted from the varian
eimage, and the sum of the varian
es in the region is used for error 
al
ulations.The region areas are expressed in units of physi
al pixels and a

ounts for the binning in the
ase of an input image �le.9.5 Examples(1)dmextra
t infile="input.fits[sky=
ir
le(4095.0,4096.0,43.0)℄[binpha=1:3000:10℄" outfile=output.pha 
lobber=yes verbose=2Perform a s
alar extra
tion on the single input �le input.�ts, taking photons from a 
ir
learound a parti
ular sour
e position spe
i�ed in sky pixel 
oordinates, and binning on 
olumnPHA from 
hannels 1 to 3000 with a step size of 10, and output to a type I PHA output �leoutput.�ts.(2)dmextra
t infile="input.fits[sky=annulus(4095.0,4096.0,60.0,100.0)℄[binpi=::100℄" outfile=output.pha 
lobber=yes verbose=133



9. dmextra
t 34Perform a s
alar extra
tion on the single input �le input.�ts, binning on 
olumn PI from
hannels TLMIN to TLMAX (both read from input.�ts) with a step size of 100, and output toa type I PHA output �le output.�ts. In
lude only 
ounts within the spe
i�ed sky 
oordinateannulus.(3)dmextra
t infile="input.fits[sky=annulus(4095.0,4096.0,60.0,100.0)℄[bin pi℄"outfile=output.pha 
lobber=yes verbose=1 defaults=
xo.mdbSame as above, but using the mission default from �le 
xo.mdb:
at > inlistin1.fits[bin detx=1000:1500:10℄in2.fits[bin detx=1000:1500:10℄^D
at > outlistout1.fitsout2.fits^Ddmextra
t infile=�inlist outfile=�outlist 
lobber=yes opt=generi
Perform extra
tions on the input �les in1.�ts and in2.�ts listed within the ASCII �le inlist,binning on 
olumn DETX from 
hannels 1000 to 1500 with a step size of 10, and output to
orresponding type I output �les out1.�ts and out2.�ts listed within the �le outlist:(4)dmextra
t infile=�inlist outfile=out.pha2 
lobber=yes opt=generi
2Identi
al to the previous example ex
ept output to the single type II �le out.�ts.(5)dmextra
t infile="input.fits[bin sky=
ir
le(4095.0,4096.0,43.0)℄"outfile=output.fits bkg=none error=poisson 
lobber=yes verbose=2Performs a single sour
e 
ount (ve
tor) extra
tion in a 
ir
le 
entered at 4095,4096 with aradius of 43. There is no ba
kground 
orre
tion spe
i�ed and the errors reported are poisson.34



9. dmextra
t 35Note that be
ause sky is a ve
tor (2D) 
olumn, using the syntax "bin sky" means this is a
ount extra
tion. Sin
e only one region is spe
i�ed, the output table will have a single row,the 
ounts within that region.(6)dmextra
t infile="input.fits[bin sky=annulus(4095.0,4096.0,0.0:100.0:10)℄"outfile=output.fits bkg=none error=poisson 
lobber=yes verbose=2Performs a spatial sour
e 
ount (ve
tor) extra
tion in a set of annuli 
entered at 4095,4096with radii 0, 10, 20, 30,.. 100 as spe
i�ed by the 0.0:100.0:10 binning de
laration. Thereis no ba
kground 
orre
tion spe
i�ed and the errors reported are poisson. The result is aradial intensity pro�le table.(7)dmextra
t infile="input.fits[bin sky=
ir
le(4095.0,4096.0,43.0)℄" outfile=output.fitsbkg="input.fits[bin sky=
ir
le(4000.0,4096.0,40)℄"error=gaussian bkgerror=gaussian bkgnorm="1.0" 
lobber=yes verbose=2Perform a single sour
e 
ount extra
tion on the input �le input.�ts, 
ounting photons from a
ir
le around a parti
ular sour
e position spe
i�ed in sky pixel 
oordinates, and ba
kgroundsubtra
ting the normalized 
ounts from the ba
kground region. Gaussian errors are reportedfor the 
ounts and rates.(8)dmextra
t infile="input.fits[bin sky=�region.lis℄"outfile=output.fits bkg=none exp="expmap.fits" 
lobber=yes verbose=2Where region.lis is a �le that 
ontains 1 region per line, e.g.:
ir
le(4233.5,3753.5,28)
ir
le(4233.5,3753.5,18)
ir
le(4233.5,3753.5,10)
ir
le(4233.5,3753.5,5)Performs a spatial sour
e 
ount extra
tion on the input �le into bins spe
i�ed by the regionlist. The exposure map is opened and a weighted exposure 
orre
tion is found for ea
h regionand applied in the 
al
ulation of the net 
ounts.35



9. dmextra
t 36(9)dmextra
t infile="input.fits[bin sky=�region.lis℄"outfile=output.fits error="varian
e.fits" 
lobber=yes verbose=2Performs a spatial sour
e 
ount extra
tion on the input �le. Errors for the 
ounting aredetermined by the varian
e image "varian
e.�ts". For ea
h region, the varian
e in the total
ounts extra
ted is the sum of the varian
es in the 
orresponding pixels in the varian
e map.The number of output bins is equal to the number of regions in region.lis.9.6 Parameters9.6.1 in�leThe input virtual �le or sta
k, e.g. event list, modi�ed by a dmextra
t binning 
ommand.Any table or sta
k of tables is valid input, with thetable[bin s
alar_
ol=min:max:step℄type of extra
tion or thetable[bin ve
tor_
ol=region_list℄type of extra
tion.Images 
an also be input with the latter type of extra
tion:image[bin ve
tor_axis=region_list℄There are three methods of sta
k inputs allowed.� PHA/Histogram extra
tion TYPE I �les:For ea
h �le in the input, there should be a �le spe
i�ed in the out�le sta
k.36



9. dmextra
t 37� PHA/Histogram extra
tion TYPE II �les:There 
an be multiple input �les, but only one output �le. This will 
reate a type II�le as des
ribed above.� Radial Pro�le/Sour
e Extra
tion:For ea
h �le in the input, there should be a �le spe
i�ed in the out�le sta
k. However,if only 1 output �le is spe
i�ed, dmextra
t will pla
e all output information in thesingle �le with the header information for the �rst input �le.9.6.2 out�leThe output histogram �le.The output �le. This is a histogram of 
ounts and rates for ea
h bin (a bin is a PHA 
hannelin the 
ase of a pha �le, histogram bin in the 
ase of a generi
 s
alar extra
tion, or a regionin the 
ase of a ve
tor, spatial, extra
tion).Please see the in�le parameter for a detailed des
ription of out�le sta
ks.9.6.3 bkgBa
kground �le with regions or a numeri
 value in units 
ount/pixel/s. For spatial extra
tiononly.This is a string that is one of:� a ba
kground virtual �le (de�ning a single ba
kground region that will be used for ea
hextra
tion bin)� a ba
kground �le sta
k (de�ning a set of regions to be used for ea
h extra
tion bin;the number of entries in the sta
k must be the same as for the input sta
k in this 
ase)� a numeri
 value that is in units 
ount/pixel/s9.6.4 errorThe error method for determining error on the 
ounted items. Default: gaussian.37



9. dmextra
t 38These are the methods for error determination. The 
urrent options are "pois-son","gaussian", or a varian
e image. A varian
e image is not yet supported in histogramor pha binning, instead gaussian will be used.9.6.5 bkgerrorThe error method for the ba
kground error on the ba
kground 
ount.These are the methods for ba
kground error determination. The 
urrent options are "pois-son","gaussian", or a varian
e image. A varian
e image is not yet supported in histogramor pha binning, instead gaussian will be used.9.6.6 bkgnormBa
kground normalization for spatial 
ount extra
tion.This fudge fa
tor allows the user to adjust the ba
kground normalization relative to thesour
e normalization in the 
al
ulation of net 
ounts, for a spatial extra
tion. When thefa
tor is 1.0, the ba
kground 
ounts are normalized by the ratio of exposure times andspatial areas. If bkgnorm is di�erent from 1, the normalized ba
kground 
ounts are furthermultiplied by the value of bkgnorm.9.6.7 expExposure map for the input �le for spatial extra
tion. Can be a sta
k.The exposure map that 
orresponds to the input �le will have the information in the inputregions extra
ted and the weighted exposure 
orre
tion over this region is applied to the
ounts. If a sta
k of exposure maps is supplied, there must be the same number of �les asthe in�le sta
k. The tool will report an error otherwise. The units of the exposure mapare either 
m**2 se
, 
m**2 (normalized by time), or dimensionless. Exposure map andba
kground exposure map units must be 
ompatible. Otherwise, an error will be reportedand the 
al
ulation will 
ontinue without the exposure 
orre
tion. For Chandra exposuremaps generated with the standard CIAO tools MKINSTMAP and MKEXPMAP, the sour
eand ba
kground exposure maps must BOTH be either unnormalized (units of 
m**2-se
) ornormalized (units of 
m**2). In either 
ase, the net 
ounts reported by DMEXTRACT willbe in units of 
ounts/
m**2. 38



9. dmextra
t 399.6.8 bkgexpExposure map for the ba
kground �le for spatial extra
tion.The exposure map that 
orresponds to the ba
kground �le will have the information in theinput regions extra
ted and the weighted exposure 
orre
tion over this region is applied tothe 
ounts. If a sta
k of ba
kground exposure maps is supplied, there must be the samenumber of �les as the bkg sta
k. The tool will error otherwise. The units of the exposuremap are either 
m**2 se
, 
m**2 (normalized by time), or dimensionless. Exposure map andba
kground exposure map units must be 
ompatible. Otherwise, an error will be reportedand the 
al
ulation will 
ontinue without the exposure 
orre
tion. For Chandra exposuremaps generated with the standard CIAO tools MKINSTMAP and MKEXPMAP, the sour
eand ba
kground exposure maps must BOTH be either unnormalized (units of 
m**2-se
) ornormalized (units of 
m**2). In either 
ase, the net 
ounts reported by DMEXTRACT willbe in units of 
ounts/
m**2.9.6.9 optThe output �le type format (PHA1/PHA2/GENERIC/GENERIC2). Default is PHA1.There are two main kinds of output generated by dmextra
t. The 'generi
' output is ahistogram table with ea
h row 
orresponding to a di�erent bin. The 'generi
2' output is aset of histograms, one per row, with the histograms stored in array 
olumns.Most users will want 'opt=generi
' for most appli
ations. However, when doing a spe
tralextra
tion on PHA or PI, you need to use 'opt=pha1' or 'opt=pha2' to generate a 
ompliantPHA type I or II �le for use with Sherpa or XSPEC.9.6.10 defaultsThe mission database �le; default is $ASCDS CALIB/
xo.mdbThe mission database �le gives default binning instru
tions for 
ertain extra
tions; for in-stan
e, it knows that PI extra
tions on ACIS �les should use the binning 1:1024:1, instead ofthe default binning 0:1024:1 that dmextra
t would assume from the TLMIN/TLMAX valuesin the �le header if no mission database �le were spe
i�ed.The MDB �le is just a text �le, and you 
an generate your own MDB �le to de�ne yourpreferred defaults for various extra
tions. 39



10. Using dmextra
t to 
reate PHA �les 409.6.11 wmapThe binning to use to make a WMAP.If you spe
ify a wmap binning with "in�le=inval wmap=wmapval", dmextra
t will makean image in the output �le header whi
h will be equivalent to the image generated by'dm
opy "inval[bin wmapval℄" wmap�le'. If you spe
ify "wmap=default", a value fromthe mission database �le spe
i�ed by the "defaults" parameter will be used. For Chandra($ASCDS CALDB/
xo.mdb) this is equivalent to 'wmap="
hip=32"'. We suggest that'wmap="det=8"' be used if you wish to use the �le as the input to mkwarf.9.6.12 
lobberSpe
i�es if an existing output �le should be overwritten.9.6.13 verboseSpe
i�es the level of verbosity (0-5) in displaying diagnosti
 messages.10 Using dmextra
t to 
reate PHA �lesThe dmextra
t program is intended to be similar to using dm
opy to bin tables intoimages, but instead of 
reating an image format �le it will write the binned data to a tabularhistogram. dmextra
t may be used to make histograms of all kinds, but has a spe
ial modewhi
h supports making HEASARC-style, XSPEC-
ompatible PHA �les.The dmextra
t tool generates an `extra
tion' whi
h is a histogram of the data in the input�le together with histograms of the 
ounting errors and the 
ounting rates, using the binninginformation. Binning is 
urrently limited to a single 
olumn.In a `type I' �le, the histogram's bin ranges and the 
ounts per bin are written `verti
ally',as s
alar 
olumns in the output table. In a `type II' �le, multiple histograms are 
reated andwritten `horizontally', with the ranges and 
ounts per bin as arrays in a single row, and ea
hrow representing a di�erent histogram.If either the requested 
olumn does not exist, the minimum bin number is greater than themaximum bin number, or a data value lies outside the range of the minimum and maximumbins, an appropriate error message is displayed and the program halts. If a value for the40



10. Using dmextra
t to 
reate PHA �les 41livetime is not in the header, a warning message is displayed, and the livetime is given adefault value of 1.0. Currently, the default output 
onsists of an OGIP Type I PHA �le with
olumns 
hannel, 
ounts, statisti
al error, and 
ounting rate. Type II PHA �les and generi
histogram �les 
an also be made.10.1 ExamplesThe following 
ommand extra
ts the spe
trum from a spe
i�
 region after �ltering on eventgrade and pha. See se
tions 4 and ?? for the various �ltering options.dmextra
t infile="marx.fits[stdevt℄[sky=
ir
le(4096,4024,15),grade=0,2:4,6,pha>30℄[bin PHA=1:3000:10℄"outfile=output.evt 
lobber=yesTo prepare Chandra data for use with Xspe
:dmextra
t "infile.fits[events℄[bin PHA=1:4096:2℄" outfile.fitsdmextra
t "infile.fits[events℄[bin PHA℄" outfile.fits defaults=
xo.mdbTo make a histogram of 
ounts versus CCD 
olumn number on a set of rows on 
hip 7,dmextra
t "evt.fits[events℄[

d_id=7,
hipy=256:512℄[bin 
hipx=1:1024℄"histo.fits opt=generi
10.2 Using dmextra
t to generate spe
tra from multiple sour
esUsing the feature of `sta
k' input and output, it is possible to extra
t spe
tra from multiplesour
es. In this se
tion we assume all the sour
es are from the same events list, but it isequally possible to spe
ify a di�erent �le for ea
h sour
e | the tool does not 
are, sin
e thespe
tra are not extra
ted simultaneously. The `sta
k' format runs dmextra
t as many timesas there are lines in the input sta
k.Assuming that there are n sour
es, there are two ways of isolating them. One 
ould displaythe entire events list using an imager, e.g. SAOtng or ds9, and then graphi
ally sele
t ea
hsour
e and save the 
orresponding region spe
i�
ation as an as
ii �le. The other option isto use DM's own region spe
i�
ations des
ribed in se
tion ??.41



10. Using dmextra
t to 
reate PHA �les 42Using the �rst method, one would obtain n region �les, 
alled, say, sour
e1.reg, sour
e2.reg,... , sour
en.reg. The input sta
k �le, whi
h we will 
all \insta
k", will then look like(assuming binning on the PI 
olumn)event.�ts[sky=region(sour
e1.reg)℄[bin pi℄event.�ts[sky=region(sour
e2.reg)℄[bin pi℄event.�ts[sky=region(sour
e3.reg)℄[bin pi℄......event.�ts[sky=region(sour
en.reg)℄[bin pi℄with one sour
e spe
i�
ation per line.Using the se
ond, the input sta
k �le would 
ontain something likeevent.�ts[sky=
ir
le(4000,4240,10)℄[bin pi℄event.�ts[sky=
ir
le(3780,3988,6)℄[bin pi℄......event.�ts[sky=
ir
le(xn,yn,radn)℄[bin pi℄For the output, there are two options: either to generate separate �les ea
h 
ontaining thespe
trum from one sour
e, i.e. type I PHA �les, or to generate one type II PHA �le 
ontainingall the spe
tra. In the former 
ase it will be ne
essary to 
reate an output sta
k �le, whi
hwe will 
all \outsta
k",
ontaining the names of the output �les, one to a line, 
orrespondingone-to-one to the input �le spe
i�
ations. dmextra
t 
an be run on ea
h input, output pairbyunix: dmextra
t �insta
k �outsta
k opt=pha1If 
reating a type II PHA �le an output sta
k is not required, only an output �le name:unix: dmextra
t �insta
k outfile=spe
tra.pha opt=pha2As a �nal note, it should be remembered that the only requirement is that ea
h line in theinput sta
k is a valid virtual �le spe
i�
ation. It is not ne
essary that they be parts of thesame �le, or have the same �ltering.
42



10. Using dmextra
t to 
reate PHA �les 4310.3 ParametersThe parameters for dmextra
t are des
ribed below,� in�le: The �rst is the input blo
k, whi
h should be a table (e.g. an event list). If the�le exists, and is readable, then the user is queried for the next parameter.� out�le: The se
ond parameter is the output dataset name.� opt: 
an have values `pha1, `pha2', `generi
', `generi
2'. De�nes style of output.� defaults: Spe
i�es a mission database �le, e.g. $ASCDS CALIB/
xo.mdb. Thisde�nes a default pha binning for the instruments.� 
lobber: Spe
i�es if an existing output �le should be overwritten.� verbose: Spe
i�es the level of verbosity in displaying diagnosti
 messages.� mode: Standard IRAF mode parameter.
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