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Using SAOImage ds9 and dax

Kenny J. Glotfelty



Introduction

* Reference these Jupyter notebooks:
https://github.com/kglotfelty/ds9_dax_demo
« Some basic and advanced ds9 features
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ds9 | Adjusting the User Interface

File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help

File acisfl4022N001_evt2 fits[EVENTS] |

Object ACT J0102-4915 |

Value

Physical i ¥

Image X ¥

Frame 1 X 1 0 °

file edit | view ‘ frame | bin | zoom | scale | calor | region ‘ wCs ‘ analysis ‘ help

save header exit

open page setup print

File

Object
0.3 0.8

ACT J0102-4915

Value
17

FK5
o) 1:02:58.4798
6| -49:16:22.347

Physical

X 3760

¥y 4290
mage

x b

¥

H

512.25
512.25

Frame 1

S

Open... Control-O
Open as
Save... Control-S
Save as
Import
Export Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help
file
Save Image -
) edit
Create Movie... -
view
Backup... frame
Restore... bin
Zoom
Display Header... |sf14022N001 | scale
Preserve During Load ect color
J0102-4915
region
XPA ue
ERET LY WCs
analysis
help
open
save
header
page setup
print
it 0.3 0.8 1.8 3.8 8.0 16.1 323 65.1  129.8

T
200

0.3 0.8 18 38 8.0 16.1 323 65.1 129.8
open
save 200
header
page setup 100
print
exit o

T
100
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ds9 | Bin, Block, Zoom

Flle Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help Fle Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help Flle Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help

File acisf14022N001_evt2 fits[EVENTS] File acisf14022N001_evt2 fts[EVENTS] File acisf14022N001_evt2 fits[EVENTS] |

Object ACT)0102-4915 Object ACT0102-4915 Object ACT)0102-4915 i

Value Value Value i

Physical x y Physical x y Physical x y

Image x y Image x y Image x y

Frame 1 x 1 o . Frame 1 x 1 o . Frame 1 x s 0 . - I —

file | edit | view ‘ frame | bin | zoom | scale ‘ color ‘ region | wcs | analysis | help fle | edit | view | frame | bin | zoom | scale | color | region ‘ wes ‘ analysis ‘ help ‘ file | edit | view | frame ‘ bin ‘ z00m | scale | color ‘ region | wcs | analysis | help ‘
open save header page setup print open save header page setup print ‘ exit ‘ open save header page setup print exit

1 2 4 s 17 35 70 142 283 1 2 4 ] 16 32 63 127 254 0089 027 0.63 13 28 56 1 23 45

Flle Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help Fle Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help

File 714022N001_evt2 fits[EVENTS] File acisf14022N001_evt2 fits[EVENTS] File f14022N001_evt2 fits[EVENTS]

Object ACT)0102.4915 Object ACT}0102-4915 Object ACT 01024915

Value Value Value

Physical x Physical x y Physical x

Image x Image x y Image x

Frame 1 x 1 o @ Frame 1 x 1 o - Frame 1 x [ 0 -

file | edit | view ‘ frame | bin | zoom | scale ‘ color ‘ region | wes | analysis | help file | edit | view | frame | bin | zoom | scale | color file | edit | view | frame ‘ bin ‘ zoom | scale | color ‘ region | wes | analysis | help ‘

open save header page setup print exit header page setup open header page setup print exit

CENTER FOR LS ASTIN

HARVARD & SMITHSONIAN



ds9 | Filtering

File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help

File acisf19004N001_evt2 fits[EVENTS] File acisfl19004N001_evt2 fits[EVENTS]

Object 4U 1630-47 Object 4U 1630-47

Value Value

WCs

Physical X y Physical X y

Image X ¥ Image X ¥

Frame 1 X 1 0 ° Frame 1 X 1 0 °

file | edit | view | frame | bin | zoom | scale | color | region | wes | analysis | help file | edit | view | frame | bin | zoom | scale | color | region | wcs | analysis | help
open save header page setup print exit open | save | header page setup | print | exit

0.084 0.25 0.59 1.3 2.6 5.3 11 21 43 0.01 0.03 0.071 0.15 0.31 0.64 1.3 2.6 5.1
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ds9 | Regions | Decorations

File Edit WView Frame Zoom Scale Color Region WCS Analysis Help ‘
File a401 sm_thresh.flux
Object A401
Value
WcCs File
Physical X v -
M . Multiple Tags =
g Y Outter Edge
(= 1 X U B Somewhere in the middle
file edit ‘ view ‘ frame ‘ bin | Zoom ‘ scale ‘ color ‘ region ‘ wcs ‘ analysis ‘ help
open ‘ save ‘ header ‘ page setup ‘ print ‘ exit

Update Close

4.79e-08  9.59e-08 1.44e-07 1.92e-07 2.41e-07 2.8%e-07 3.37e-07 3.85e-07 4.33e-07 C E N T E R F 0 R A S T R 0 P H Y S I c S
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ds9 | Regions | Analysis

File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help

File acisf62554N003_evt2 fits[EVENTS] File acisf62554N003_evt2 fits[EVENTS]

Object PKS0637-752 Object PKS0637-752

Value value

WCS WCs

Physical x y Physical x y

Image x y Image x v

Frame 1 X 8 0 ° Frame 1 x 8 0 o

file | edit \ view | frame \ bin \ Zoom \ scale \ color | region \ wes \ analysis \ help \ file | edit | view | frame \ bin | zoom \ scale \ color \ region \ wes \ analysis \ help \

open save header page setup print exit open save header exit

page setup print

1 2 4 8 16 32 65 130 260 1 2 4 8 16 32 65 130 260
File Edit Font File Edit Graph Dataset Select
center=08.944 -75.271288 = g
kS
1 pixel = 0.49200001 arcsec
reg sum error area surf_bri surf_err 1
(aresec**2) (sum/arcsec**2) (sum/arcsec**2)
1 2662 51.5946 76.7343 34.6911 0.67238 65—
reg sum npix  mean  median min max var stddev rms
1 2662 317 8.39748 1 0 519 1685.91 41.0598 41.9897 % 1
g
E
4
£
5
2
(5]
I} 2]
o

T T
98.937 98.932
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ds9 | Regions | Cubes

File Edit Graph Dataset Select

File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File time_cube.fits

Object RHO OPH CORE

Value

Physical X v

Image X Y

Frame 1 X 1 0 2

file edit | view | frame | bin | zoom | scale | color | region | wCs | analysis | help
open | save | header | page setup | print | exit

0.2 0.6 1.4 3.1 6.4 12.9 25.8 52.0 103.7

72—

Counts Average

T T T T T T T T T |
20 40 60 80 100
physical
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ds9 | RGB | Multi-Wavelength

File Edit View Frame Zoom Scale Color Region WCS Analysis Help File Edit View Frame Zoom Scale Color Region WCS Analysis Help

W\ NRR OO ASTROPHYSICS
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ds9 | RGB | Time

File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File time.cube

Object RHO OPFH CORE

Value r g b| |

Physical X ¥

Image X ¥

Frame 2 X 1 0

file edit | view | frame ‘ bin | zZoom | scale ‘ color ‘ region ‘ wes ‘ analysis ‘ help
open save header page setup print exit

-]
1 2 5 11 22 44 89 172 356 CENTER FOR BRI RTINS
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ds9 | Color Look Up Tables

File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help
File G310.6-1.6.evt[EVENTS] File G310.6-1.6.evt[EVENTS]
Object Merged Object Merged
Value Value
Physical X y Physical X y
Image X ¥ Image X ¥
Frame 1 X 1 0 ° Frame 1 X 1 0 °
file | edit | view | frame | bin | zZoom | scale | color | region | wes | analysis | help file | edit | view | frame | bin | zZoom | scale | color | region | wes | analysis | help
open save header page setup print exit open | save header page setup | print | exit
=t 34T N R i, 4 oY 3
e ;‘JJ"’ : #
o \i#_ p '
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ds9 | Backup & Restore

File Edit View Frame Zoom Scale Color Region WCS Analysis Help

0.5:0.85

0.85:1.0
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ds9 | 3D Rendering

File Edit View Frame Zoom Scale Color Region WCS Analysis Help File Edit View Frame Zoom Scale Color Region WCS Analysis Help
File ar_lac.cube file
Object ArLac .
edit
Value
view
Physical X ¥ z frame
Image X v z bin
Frame 2 X 1 0 °
. . . . . . File Zoom
file edit view frame bin zoom scale color region WCs analysis help
" . ar_lac.cube scale
open save header page setup print exit =
Object color
ArLac E
region
Value
Wes
analysis
help
Physical
X
¥
z
Image
X
¥
z
Frame 2
" 1 open
° 0 save
header
page setup
print
' exit ' .
8 0.016 0.047 0.11 0.24 0.49 0.99 2 4 8
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ds9 | Contours

File Edit View Frame Zoom Scale Color Region WCS Analysis Help File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File a1664_broad_thresh_crop_fill.img | File a1664_broad_thresh_crop_fill.img |

Object. Merged | Object Merged |

Value Value

wes

Physical X y Physical x y

Image x y Image x ¥

Frame 1 X 1 0 - Frame 1 x 1 o

fle | edit | view | frame | bin | zoom | scale | color | region | wes | analysis | hep | fle | edit | view | frame | bin | zoom | scale | color | region | wes | analysis | help |

open save header exit

page setup print

open save header exit

page setup print

Apply
Generate
Clear

Copy Contours
Paste Contours...

Load Contours...
Save Contours...

Load Contour Levels...
Save Contour Levels...

Convert to Polygons

Close
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File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File ds91546016527905114 fits.gz

Object F7540

Value

Physical X v

Image x %

Frame 2 X 3.45331 o °

fle | edit | view | frame | bin | zoom | scale | color | region | wes | analysis | help |
open save header page setup print exi

1764 2103 2703 3327 4138 5190 6588 8476 10990
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ds9 | Analysis Menu

File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help ‘ File Edit Wiew Frame Bin Zoom Scale Color Region WCS Analysis Help
File SDSS)1030+0524 merged evt.fits[EVENTSI]
Object Merged
Value
Physical X Yy
Image X Y
Frame 1 X 1 0 °
file edit | view | frame | bin | zoom | scale | color | region | wcs | analysis | help
open save header page setup print exit
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File Edit

If Sks_prob_b=0.9 Edit
Then
Shape circle point
Width 1
Font helvetica
File Edit View Frame Bin Zoom Scale Coler Region WCS Analysis Help :
= = Text Sname Edit
File acisf03750N003_evt2. fits[EVENTS] File Edit Graph Dataset Select
Object ROSETTE NEBULA / NGC 2244 size/Radius Edit
value 3750.tsv
Size/Radius 2 Edit
Physical X v
Image X v 1E-4- Units physical
Frame 1 X 1 0 = J *
file edit view frame bin zoom scale color ~ . Angle Edit
open save header page setup :
| o?e |$k5_pr0b_b>0.9 circle point  |green 1 0 helvetica 1C
& . $ks prob_b<=0.9 |box point yellow 1 0 helvetica 1C
i .
File Edit Catalog Server Name Se 2, 0‘ -
] L]
Catalog 2
1 1E5
Name 3750.tsv 3
Identification E *
o
| Reference |tool J L
Object Apply Add Delete Close
Name = EE
nene region Cross colerbar pan Zoom rotate crop cat exam
a &
Radius arcmin 1E-6
Table CX0 J063155.1+045647
Filter LL
) T T T T 1] T T T T T T T 1] T
Sort 1E1 1E2 1E3
cnts_aper_b
Max Rows (5000 Found 411 C)‘.C}_I(}6315E|6.0+E)45641
a ra & dec ks CX0 J063155.2+045639
CX0)063120 97.83474 4.84090 IACIS 3750 0 495 u
CX0 063120 97.83684 4.83460 IACIS 3750 0 478 u
CX0 063121 97.84108 4.81201 IACIS 3750 4] 496 u
CX0 063122 97.84565 4.82249 IACIS 3750 0 493 u
CX0 063123 97.84818 4.86180 ACIS 3750 4] 387 u CXO 062155 15045623
CX0)063125/97.85515 | 4.94484 |ACIS 3750 0 380 u %0063 T
CX0 063125 97.85617 4.82539 ACIS 3750 4] 185 u
CX0 063125/ 97.85626 4.88125 IACIS 3750 0 472 u
CX0 063125 97.85751 4.97069 ACIS 3750 v} 154 u
CX0 063126/ 97.86073 4.98583 IACIS 3750 0 358 u
CX0 063127 97.86445 4.89609 IACIS 3750 0 344 u
CX0 063127 97.86481 4.86460 IACIS 3750 0 506 u
CX0 063127 97.86519 4.90085 IACIS 3750 0 228 u
CX0 063128/ 97.86843 4.91401 IACIS 3750 0 238 u
CX0 063128 97.87008 4.87038 ACIS 3750 0 SR U |
|< » R R
Status Done CENTE FO ASTROPHYSICS
Retrieve Filter Clear Plot Close
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ax | Introduction

File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help
Statistics -
File acisf00635_repro_evt2 fits[EVENTS]
Object RHO OPH CORE Histograms -
Value
Coords -
Physical < ¥ Detect (Images Only) -
Image X Vi
Frame 1 x 1 0 ° Regions -
file | edit | view | frame | bin | zoom | scale | color | region | wes | analysis | help Sherpa b
open save header page setup print exit
; Image Processing -
CIAO Help
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dax | Statistics

Fle EditFort File Edit Font
#====2018-12-28 12:08:57 ==
e aed ; Adding net rates to output B
#File: acisfO0635_repro_evt2.fits[EVENTS] Appending Tlux results onto output
SBackground subtracted data Appending photflux results onto output
Computing Net fluxes
ACOPONENT  NETCOUNTS  NET ERR HNET RATE (EL AREA (EL BRI (EL BRI ERR ‘;ddﬂg “°d§11fH"95 to sutput
# count count count/s arcsect2 count/arcsec**2 count/arcsect*2 (I LR B3 (s (Gl e
1 22893 151.304 0,227383 1539.94 14,8661 0.0982531
Summary of source fluxes
#source region(s): .
acircle(3814, 3466, 45) (R w5 = 7
Value 90% Conf Interval
#0001|16 27 28.02 -24 39 33.6 Rate 0.209 ¢/s (0.206,0.211)
iCOMPONENT Egms Eggﬂ;?ﬁ :EE‘QI**Z Flux 5.15E-12 erg/cm2/s (5.89E-12,5.21E-12)
1 23903 0.207383 636173 Mod . Flux 2.06E-12 erg/cm2/s (2.04E-12,2.089E-12)
' ' Unabs Mod.Flux 2.54E-12 erg/em2/s (2.51E-12,2.57E-12)
Output files are located in /tmp/ds9aper.kjg/4162/
I =
| ¥
File Edit Font
|
#source region(s):
#circle(3814,3466,45)
#COMPONENT COUNTS COUNT_RATE AREA
# count count/s pixel**2
1 22893 0.227383 6361.73
#=———= 2018-12-28 12:09:14
#File: acisfPO635_repro_evt2.fits[EVENTS]
#Background subtracted data
#COMPONENT NET_COUNTS NET_ERR NET_RATE CEL_AREA CEL_BRI CEL_BRI_ERR BGREG_COUNTS BGREG_ERR
# count count count/s arcsect*z count/arcsec**2 count/arcsec**2 count count
1 22457.3 151.759 0.223055 1539.94 14.5832 0.0985485 435.691 11.7412
#source region(s):
#circle(3814,3466,45)
#COMPONENT COUNTS COUNT_RATE AREA
# count count/s pixel**2
1 22893 0.227383 6361.73

#background region(s):
#circle(3878,3742,80)

#BG_COUNTS BG_RATE BG_AREA
#count count/s pixel**2
1377 0.0136769 20106.2
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dax | Histograms

Eile Edit Annotate View Plugin Help
[ IR CRE U I 9 ¢ a 4
GL Lightcurve pan range zoom select undo redo print clear
T T T T T T Coordinates Histogram Properties
plotl: ax1 & ayl [v| Lines / Fill | Symbolsl Error BarslGenerall
Lines
Data Extent

08 - X 7.20392e-+07 .. 7.21411e+07 coor [N ~ Style  solid R

Y 0.0136547 .. 0.939526
Thickness 1.0 E Droplines O

= )(|72034066.1878 |72146242.1757 log | flip autol
I
£ 06t ] ¥[-0.0326388605516  [0.985819501958 log| flip autou Fill
2 o
o Inf 5
—_ Color - Style no fill -
L Objects [ _I- ¥ g[
':t = Window winl 1.00
bt J
|_| 0.4 B v Frame frm1 Ex
= ~ Plot plotl .
8 Axis axl Opacity
© Axis ayl
ShelllErmrsl
ok J
. . . . . .
7.204e407  7.206e407  T.208e407  7.218407  7.2126407  7.214e407 Tpython profile: chips

Time (s) chips In [1]: ]

CENTER FOR RS ASTIN

HARVARD & SMITHSONIAN



dax | Sherpa

/tmp/dsSspecfit kjg/eeaf631b9f62a23e3029881730997ff7/out.pi

File Edit Font o008 F ]
Confidence Method = confidence
Iterative Fit Method = None -
Fitting Method = levmar g 0.08
Statistic = chi2gehrels 8
confidence 1-sigma (68.2689%) bounds: o
Param Best-Fit Lower Bound Upper Bound £ 0.04
___________________________________ 5
md11. gamma 1.42077  -0.0550169 0.0559544 8
md11.ampl 0.00166345 -0.000141195 0.000155083 0.02
absl.nH 4.97287 -0.133045 0.138046
Photon Flux = ©.008089982177088037 photon/em™2/s
Energy Flux = 8.90021162459e-12 ergs/cm™2/s
©
5
To restore session, start sherpa and type w
restore('/tmp/ds9specfit.kjg/eeaf631b9f62a2323029881730997FF7/sav")
0 2 4 [
4 |¥
Energy (keV)
File Edit View Frame © Zoom Scale Color Region WCS Analysis Help
File |
Object |
Value
Physical x v
Image X Vi
Frame 2 x 1 1] - . .
File Edit Font
file ‘ edit | wiew ‘ frame ‘ bin | zoom | scale | coler | region ‘ wes ‘ analysis | help =
apen save header page setup print exit (3/3) Doing fit
= Dataset =1
Method = lewmar
Statistic = chi2gehrels
Initial fit statistic = 2.49434e+08
Final fit statistic = 1818 at function evaluation 58
Data points = 400
Degrees of freedom = 393
Probability [Q-value]l = 5.72264e-57
Reduced statistic = 2.59033
Change in statistic = 2.49433e+08
md11. fwhm 9.52724 +/- 0.0553045
md11.xpos 3817.18 +/- 0.0279098
mdll.ypos 3467 .66 +/- 0.0218753
mdl1.ellip 0.368214 +/- 0.00512283
mdl1l.theta 0.490983 +/- 0.00842472
md11.ampl 5044, 22 +/- 56.8002
bkgl.co 2.84876 +/- 0.146525
Done!
2
4 ¥
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Summary

« Some interesting topics not covered

- Mosaics
- SAMP
- Masks

- Composite and Template Regions
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