Constructing Radial Profiles in CIAO

The CIAO tool DMEXTRACT now has the ability to compute
background-subtracted, exposure-corrected net counts in multiple
regions in a single pass. It can thus be used to construct radial
profiles. The sequence of operations is:

define multiple concentric annular regions using DS9,
generate exposure maps if necessary,
run DMEXTRACT, inputting the annular regions as a stack,

run DMTCALC on the output FITS binary table to normalize
by region areas,

=

5. use SHERPA tto display the profile and fit models to it.
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CIAO Workshop, Radial Profiles

For this talk, I'll consider two cases:

e A simple case where the annuli fall within a single chip; I'll
assume the exposure is uniform over the regions.

e A more complicated case where the regions span multiple
chips.

For refererence, see the threads

http://asc.harvard.edu/ciao2.1/threads/getcnts.thread.html#RadProj

and

http://asc.harvard.edu/ciao2.1/threads/expmap.multi.html

I'll use the same data and in gereal follow those procedures
closely.
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A Simple Case (1)

Consider the ACIS exposure of the Supernova Remnant
G21.5-0.9, shown here:

Hle Edit Frame Bin Zfoom Scale Color Reqion Analysis Help
File acis_evi2 fits

Value

WCS

Physical X Y

Image X W

Framel Zoom 1.000 Ang 0.000
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A Simple Case (2)

We use DS9 to define multiple concentric annuli by selecting
the “annulus” shape under the Region menu and then editing it
using the Get Info... button. We select 5 pixel wide annuli, from
10-200 pixels, excluding the bright, central source.

Fle Edit Frame Bin Zoom Scale Color Region Analysis Help Get Info...

File acis_evt2 fits Shape

Value Color

wes | ‘ | Properties

Physical X v [

Image b3 | Y Move to Front

Framel  Zoom 1000 | Ang 0.000 Move to Back
Select All
Select Hone
Delete Al
Load Regions...

Save Regions...
List Regions

Region Format
Region Coordinate System

VERILE
4 Circle
“* Ellipse
4~ Box
“* Bolygon
4 Line
4 Text
“* Ruler

4 Annulus
< Elliptical Annulus
< Box Annulus

“~ Circle Point

“* Box Point

<~ Diamond Point
“* Cross Point
¥ Point

“* Arrow Point

< BoxCircle Point

Region Delimiter

File Color Properties Coordinates Font Radius

Method

Radius pizels

a2
Text | 10
15

20 J
Center [4072 [aza7 [_physical || %5
Inner Outer gg
Radius [10 Jz0a | pirels '
) 50

Annuli 38 2 /

lus

wlus(4072,424315,20)
A lnel AN72 4740 20 2EY
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A Simple Case (3)

Saving the regions (remember to select CIAO Format) results
in the following file

moose-28: more annuli.reg

# Region file format: CIAO version 1.0

annulus (4072,4249,10,15) & annulus(4072,4249,15,20) &
annulus (4072,4249,20,25) & annulus(4072,4249,25,30) &
annulus (4072,4249,30,35) & annulus(4072,4249,35,40) &
annulus (4072,4249,40,45) & annulus(4072,4249,45,50) &

This needs to be converted to a stack of annuli using the
fixannuli script (note, this step will no longer be necessary once
DS9 Version 2.1 is incorporated into CIAO):

moose-29: fixannuli < annuli.reg
annulus (4072,4249,10,15)
annulus (4072,4249,15,20)
annulus (4072,4249,20,25)
annulus (4072,4249,25,30)

We aslo create a single background annulus:

moose-31: cat annuli_bgd.reg
# Region file format: CIAO version 1.0
annulus (4071,4249,200,225)
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A Simple Case (4)

We're now ready to extract counts in the individual annular
regions:

moose-32: dmextract \

infile="acis_evt2.fits[bin sky=@annuli.fixed.reg]"\
bkg="acis_evt2.fits[bin sky=@annuli_bgd.reg]"\
outfile=rprofile.fits

The output can be examined with PRISM:

File Edit HNavigate Visualization 3Session Analysis

IMAGE PRIMARY HULL This FITS file may contain long string keyword
ABLE HISTOGRAM 19 cols, 38 rows| continued over nultiple keywords, The HERSARC .
TABLE GTIF Z cols, 1 rows character at the end of each substring which is
! . on the next keyword which has the nane CONTIHUE
TABLE GTIO Z cols, 1 rows IN  ASC 7 Source of FITS file
TABLE GTI Z cols, 2 rows EATOR cxc = Yersion CIAD 2,0 / tool that created this
TABLE " GTIz Z cols, 1 rows Eﬁgﬁg: %IFII] 2.1 Hedne=sd F hf 28, 7/ 5tri
.1 Hednesday, February 28, ring

ULelstlE S o6 (B1lf, 1) [Bit ECKSUH  nORHPNPFnHPFRHPF /7 HDU checksun updated 2
TABLE GTIE Z cols, 1 rowrs TASUH 1220542641 / data unit checksun upd

ERR_COUNTS COUNT_RATE

View Mode: Readnrite Processing : 11 of 20 I Goto Furward

Fri 20-Apr 14:57:16 Loading file rprofile.fits
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A Simple Case (5)

Finally, we need to normalize the counts in each annulus by
the area, using the DMTCALC expression file rpcolumns.lis:

moose-33: cat rpcolumns.lis

.rmid=R[0]+R[1]

rmid=.rmid/2.0

sbr=NET_RATE/AREA

sbr_err=ERR_RATE/AREA

moose-34: dmtcalc infile=rprofile.fits \
outfile=sbright.fits expression=@rpcolumns.lis

File Edit HNavigate Visualization SIession Analysis

IMAGE PRIMARY HULL This FITS file nay contain long string keyword
ABLE HISTOGRAM 22 cols, 36 rows| continued over nultiple keywords. The HEASARC
TABLE GTIF 2 cols, 1 rows character at the end of each substring which i=
! : on the next keyword which has the name CONTIHUE

LGRS ARk RSC / Source of FITS file

TABLE GTN 2 cols, 2 rows c:-:c - Yersion CIAD 2.0 .-" tool that created this

TABLE GTIZ 2 cols, 1 rows CIHD 2.1 Hed d F h o8, 7 St

ednesday, February 28, ring
TABLE GTI3 2 cols, 1 rows VER_jYE1hVEBhVESh / HDU checksun updated 2
TABLE GTI6 2 cols, 1 rows 2649568890 / data unit checksun upd

shr_err

2036. 46 46.2878 | 0.259275 0.00589318 0.000471194 | 1.071e-05
235855 49.7559 | 0.300282 0.00633473 |22.5 |0.000423379 | 8.93159%-06
=

View Mode: ReadniVrite Processing : 11 of 20 Gum Furward

Fri 20-Apr 15:13:28 Loading file shright.fits
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A Simple Case (6)

The radial profile can be plotted and fit using SHERPA:

moose-35: sherpa

Welcome to Sherpa: CXC's Modeling and Fitting Program

Version: 2.1 (1 Dec 2000)

Type HELP for help options.

Type EXIT, QUIT, or BYE to leave the program.
Notes:

Temporary files for visualization will be written to the
directory:

/tmp
To change this so that these files are not deleted when you
exit Sherpa,

edit the wvariable ASCDS_WORK_PATH in your
$HOME /.cxcds.*sh setup script.

Solar abundances set to Anders & Grevesse

sherpa> read data 1 "sbright_pos.fits[columns rmid,sbr]"
FITSBIN

sherpa> read errors 1 "sbright_pos.fits[columns
rmid,sbr_err]” FITSBIN

sherpa> betald[sbrl]
sbrl.rO parameter value [102] 50
sbrl.beta parameter value [0]

sbrl.xpos parameter value [0]
sbrl.ampl parameter value [2.14602e-06] 5.0e-4
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Warning: Parameter is out of range, please reset maximum
range

if you intend to fit.

Warning: Parameter sbrl.ampl is out of range.

sherpa> sbrl.ampl.max=1.0e-3

sherpa> show sbrl

betald[sbrl] (integrate: off)

Param Type Value Min Max Units
1  rO frozen 50 1 192.5000
2 beta thawed 0-3.4028e+38
3.4028e+38
3 xpos thawed 0-3.4028e+38
3.4028e+38

4 ampl thawed  0.0005 2.1460e-08  0.0010
sherpa> source=sbrl
sherpa> thaw sbrl.rQ

sherpa> fit

powll: v1.2

powll: initial function value =  4.66941E-+02

powll: converged to minimum = 1.44025E+02 at
iteration = 15

powll:  final function value = 1.44025E4-02

sbrl.r0 107.889
sbrl.beta 3.21701
sbrl.xpos 0

sbrl.ampl 0.000581895

sherpa> Iplot fit
sherpa> log
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sherpa> limits y 1.0e-8 1.0e-3
sherpa> redraw

to produce the following plot:

ChiP3
sbrl.fits|celumns rmid,sbr|
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What Happens Near Chip Edges (1)

If you want to extract counts from regions near detector
boundaries, you need to be careful. Consider the following case:

File Edit Frame Zoom Scale  Color Region Analysis Help
File img#.fits |

Value 0 ¥

FK5 o | 18:34:05.615 | © | -10:33:07.79 |

Physical X| 3108500 | Y| 4372.500 |

Image X|  389.000 | Y| 547.000 |

Framel  Zoom | 2.000 | Ang | 0.000 |
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Edges (2)

If we simply run dmextract as before, we get the wrong
answer, i.e., the counts in the two circles are different by ~ X2 :

Fle Edit MNavigate Visualization Session Analysis

IMAGE FRIMARY HULL This FITS file nmay contain long string keyword wa
ABLE HISTOGRAM 14 cols, 2 rows continued over nultiple keywords, The HERSARC co
TABLE GTIF Z cols, 1 rows character at the end of each substring which is t
! : on the next keyword which has the name CONTIHUE.
TABLE GTIO Z cals, 1 rowrs ASC / Source of FITS file
cuc = Yersion CIAD 2.0 / tool that created this o
1 I
CIAOD 2.1 Hednesday, February 28, / String A
77aafqUS942YR42Y / HOU checksun updated 200
590396050 / data unit checksun updat

GOUNT_RATE NET_COUNTS

80896 | 7854.47 19.1039 0.0416324 3
-

80896 | 7854.47 24.9739 0.0730794 5

View Mode: Readn\rite Processing : 1 of 2
Thu 19-Apr 14:08:28 Loading file ftmp/counts.fits

Thu 13-Apr 14:02:46 Starting sherpa ...
Thu 13-Apr 13:45:28 Loading file ftimpfecounts.fits
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Edges (3)

We need to correct by the exposure, using an exposure map

congruent with the image.

Here, we use expmap_1.7kev. fits,

made for these data, ans in the multi-chip exposure map thread:

moose-16: dmextract \

infile="img8.fits[bin sky=Q@img8_edge.regl"\
outfile=counts.fits exp=expmap_1.7kev.fits

# 11897: dmextract:

WARNING: TLMIN and TLMAX not found for column sky

moose-17:

which results in the following:

Fle Edit MNavigate Visualization Session Analysis

IMAGE PRIMARY HULL

ABLE HISTOGRAM 14 cols, 2 rows

TABLE GTIF Z cols, 1 rows

TABLE GTID Z cols, 1 rows

L = = = = =
1 | s0424.8| 7854.47 19.1039 0.00700927 55. 0541 3.21635

2 | B0424.8 | 7854.47

1

View Mode: Read\Write

Thu 19-Apr 14:02:46 Starting sherpa ...
Thu 13-Apr 13:45:28 Loading file fimp/ecounts.fits
Thu 13-Apr 13:44:54 Loading file tmp/counts.fits
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Processing : 1 of 2

This FITS file nmay contain long string keyword wa
continued over nultiple keywords, The HERSARC co
character at the end of each substring which is t
on the next keyword which has the name CONTIHUE.
ASC / Source of FITS file

cHc = Yersion CIAD 2,0 / tool that created this o
1 I

CIAOD 2.1 Hednesday, February 28, / String R
2niEA1LU21LU21LY / HOU checksun updated 200
3745954702 / data unit checksun updat

COUNT_RATE NET_COUNTS

24,9739 0.00757972 59.5347 2.59027
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Edges (4)

Of course, what we're really interested in is something like:

File Edit Frame S Zoom  Scale Color Region Analysis Help
File 'smallimgs.fits |

Value

wes | || |

Physical x| v |

Image X R |

Framel  Zoom | 2.000 |Ang | 0.000 |
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Edges (5)

Without exposure corrections, the radial profile looks like:

pixel)

’

.

W
o
-
—
ey
i
L
W
e
€
=
+
el
=
T
-
(]
ﬂ-::
o
Sy
-
—
—
Ir L]

I

100 1000
Radiusz {pixels)

— Tvpeset bv FoilTirX —

15



Edges (6)

With exposure corrections for both source and background:

dmextract infile="smallimg8.fits[bin sky=@img8.reg]" \
bkg="smallimg8.fits[bin sky=Q@img8_bgd.regl" \
exp=smallexp.fits bkgexp=smallexp.fits \
outfile=counts.fits
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