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1.0  Introduction

A step by step example using WASRb imagesiownloadedrom
https://www.astro.louisville.edu/software/astroimagej/exam@strolmageJ software and a
user guide can be downloaded frottps://www.astro.louisville.edudware/astroimage)/

This tutorial is based gn

Ref. 1- A Guide to AstrolmageDifferential PhotometryWersion 2.06 21 October 2018y
Richard Lee

Ref. 2- Plate solving/Track and Stack in Ay Richard Lee

Ref. 3- AstrolmageJ 2.4.1 User Guide plus Getting started with Differential Photometry

Ref. 4- The AstrolmageJ Cookboddy Grady Bryce, Edited by Dennis. Conti

Ref. 5- A Practical Guide to Exoplanet Observibg Dennis M. Conti

Ref. 6 - BAA Photometry Databagéelp and User Guides

Ref. 71 BAA Photometry Spreadsheet Note$he VSS CCD photometry spreadsheet

An example using images that are not plate solvaacisided in Appendix A

2.0 Installation and Setup

2.1 Installation

Downloadand install AstrolmageJ plus the Java runtime engine as highlighief.id
Appendix E. Running Windows 10 | have fourtiétinstalling the software and images in an
AstrolmageJ folder on the C Drive rathbanin theProgram File$x86) folder prevents
access prdbms.


https://www.astro.louisville.edu/software/astroimagej/examples/
https://www.astro.louisville.edu/software/astroimagej/
https://britastro.org/sites/default/files/Tutorial_AIJ_Photometry_v2.06.pdf
https://britastro.org/sites/default/files/Plate%20solving%2C%20Track%20and%20Stack%20in%20AIJ_0.pdf
https://www.astro.louisville.edu/software/astroimagej/guide/AstroImageJ_User_Guide.pdf
http://astrodennis.com/AIJCookbook.pdf
http://astrodennis.com/Guide.pdf
https://britastro.org/photdb/help/Help_Contents.htm
https://www.britastro.org/photdb/help/PhotometrySpreadsheetNotes.pdf

Update Astrolmaged to the latest level by opening the application and accessing Help/Update
AstrolmageJ/Upgrade to; downarrbwb cr ol | up t o &édaily buil d/ Ok

Download and unzip; Uncalibrated images, Biases, Darks and Flats and unzip to the file
directories as shown belof@ppendix A in Ref. 1)
AstrolmageJ
WASP-12b
Calibration Files
Bias
Darks
Flats
Master Calibration Files
Raw Science Files
ReducedScienceFiles(note underscores)
radec.txt (See 2.2 (b) below)
standard_transit.plotcfg.txt (See Appendix B below)

After unzipping all the files you should Ve
- 11 each of Bias, Darks and Flats
- 230 Raw Science Files (also known as Uncalibrated images)

Configure AlJ and VSS_Photometry as per Appendix B in Ref.1.

22  Setup
a) SIMBAD Coordinates

OpenAlJ, Figure 2.1and click on thejﬂl icon, enter WASP12bin the SIMBAD Obiject ID

text box and press enter to populate the Standard Coordinates fields with WASP RA and Dec
data- Figure 2.2 Make sure you have selected the DP icon and not the adjacent Divider like
icon.

If the SIMBAD Object ID and Observatory I@op-downs are greyed out check that the
Target Coordinate and Observatory Location Source-dovyns in the CCD Data Processor
window, Figure 3.1, are both set to Coordinate Converter manual entry.
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Figure 2.1 AstrolmageJ window



File Preferences Metwork Help
Ll
Current UTC-based Time
{ UTC:|2019-02-21 09:30:52 Local:| 2019-02-21 09:30:52 AM JD:|2458535.896433 LST:|19:34:56
r SIMBAD Object ID {or 55 Object) Time Zone Observatory ID
WASF'—12b| {UTC offset: = { Custom Lon, Lat, and Alt entry ~
r Target Proper Motion (masiyr) ————  Geographic Location of Observatory
pmRA: 0 pmDec: 0 {Lon: +00:00:00 Lat:|+00:00:00 Alt 0
r Standard Coordinates
J2000 Equatorial J2000 Ecliptic
sﬁmmn RA:[06:30:32.797 | Dec[+20:40:2027 | Lon:[g6:40:2036 | Lat|o5:24:34.96 |
1.‘ B1950 Equatorial Galactic
Skpwiop| | RA|06:27:21.269 | Dec[+20:42:26.53 | Lon:[184:04:50.11 | Lat[os:56:11.03 |
r Epoch of Interest
UTC-based Time
Mow UTC:| 2013-01-27 07:55:40 UT 0703 PM JD:|2456319.830324 |LST: 16:22:43
lock | Local| 20130127 | 07:55:40 AM 05:22AM | HJD:|2456319.835184 | dT:[00:07:00
Dynamical Time
Update O@ Auto Leap-secs:(35.0 OSUlinternal [] BJD: 2456319.835948 dT:|00:08:06
Equatorial Ecliptic
Ra(06:31:25.374 | Dec[+29:39:39.02 | | Lom:|s@s15127 | Lat|os:24:36.83
Harizontal Direction - Hour Angle - Zenith Distance - Airmass
Alt[-47:21:02.6 | Az[a1e85:17.32 | oir| nw |HA 095118 | ZD:/137:21:03 | Al A
Phase - Altitude - Proximity
3’ . Moon Mercury Venus Mars Jupiter Saturn Uranus Meptune Pluto
r' Down 17.90 37.54 742 Down 61.06 Down 1.60 50.61
" 33.48 142.98 163.05 131.24 31.26 12371 9129 124.81 169.82
W

Figure 2.2 DRCoordinate Converter window

D
Clicking on the E2222] jcon accesses the SIMBAD web page for WA Figure 2.3.

r

Similarly, the SR oo producesraimage or chart of the target area depending on which

survey is selected Figure 2.4 Stellarium is the only planatium software | have found
which will display exoplanetand will be the subject of a later tutori&igure 2.5 shows a
similar field of view to Figure 2.4vith the WASP12 data displayed and the star itself
circled.



' AT WASP-12b

> C @ Notsecure

Simbad Aladin

WASP-12b

© This mirror is hosted by the Cfa Team at the Harvard-Smithsonian Center for Astrophysics.

other query ldentifier Coordinate Criteria Reference Basic Script TAP Output Help
modes : query query query query  query submission options

Query : WASP-12b ) | submitid| C.D.S. - SIMBAD4 rel 1.7 - 2019.02.16E5T06:52:02

Available data : Basic data « Identifiers « Plot & images « Bibliography « Measurements » External archives « Notes e
Annotations

Basic data :

WASP-12b -- Extra-solar Confirmed Planet T
Other object types: PL (), P1? (HASP)

ICRS coord. (ep=J2000) : 06 30 32.7966788910 +29 4@ 20.266334158 (Optical) [ ©.0323 0.8285 9@ ] C 2018yCat.1345....0G

FK4 coord. (ep=B1950 eq=1950) : @5 27 21.2754104395 +22 42 26.873871783 [ 3.4002 2.9802 20 ]

Gal coord. (ep=712000) : 184.0830876532770@ +85.9363976258189 [ @.6323 ©.0285 90 ]

Proper mations mas/yr : -1.580 -6.958 [@.068 0.058 98] A 2018yCat.1345....06

Spectral type: GO D 2013MNRAS.428. .678T

Figure 2.3. SIMBAD data for WASE2b

eractive Sky ' X

serverl.sky-map.org,

Find Object

30 tiles loaded

Figure 2.4. Image of target area.



WASP-12

planetary system

Figure 2.5 Stellarium field of view showing WAS2

b) Aperture File

Create radec.txt aperture file by copying the data shown in Ref 1, Appendix C into a text
editor, Notepad in this exampleFigure 26, and thenaving in the WASPL2b folder The

first line in each block is the data for the target star and the following are the data for the
comparison stars.

File Edit Format View Help

#UASP-12b, 06:30:32, +29:40:20, 0, 1, 99.999
#000-BKG-164, ©6:30:47, +29:35:30, 1, 1, 9.453

#000-BKG-165, ©06:31:09, +29:47:47, 1, 1, 9.747

#000-BKG-166, 06:30:39, +29:37:40, 1, 1, 10.568
#000-BKK-420, 06:30:16, +29:33:45, 1, 1, 10.984
#000-BKK-421, ©6:29:51, +29:40:46, 1, 1, 11.697
#000-BKG-167, ©06:30:31, +29:42:27, 1, 1, 12.285
#000-BKG-168, 06:31:08, +29:41:53, 1, 1, 12.782

#

#RA, Dec, Ref Star, Centroid, Magnitude
06:30:32, +29:40:20, 9, 1, 99.999
06:30:47, +29:35:3@, 1, 1, 9.453

06:31:09, +29:47:47, 1, 1, 9.747
06:30:39, +29:37:40, 1, 1, 10.568
06:30:16, +29:33:45, 1, 1, 10.984
06:29:51, +29:40:46, 1, 1, 11.697
06:30:31, +29:42:27, 1, 1, 12.285
06:31:08, +29:41:53, 1, 1, 12.782

Figure 2.6. Aperture file copied into Notepad



3.0 Image Calibration
3.1 Building Master Calibration Files

Select the AIJ/CCD Data Processor window by clicking or\,ﬂe icon (this also opens the

DP Coordinate Convert window which can be closed).

Configure this window as follows;

- deselect Science Image Processing/Enable

- Select Build and Eable for Bias Subtraction, Dark Subtraction and Flat Division and
median combine for all three

- Select the folders from which the Bias, Dark and Flat frames are to be imported by clicking,
in turn, on the bias_, dark_ and flat_folder icons on thpeetive linesnavigating to
and selecting, in turnhe AstrolmageJ/WASR2b/Calibration Files/Bias, Darks and Flats
folders

- Identify the file type by clicking on the folder icon to the right of each of the bias_, dark__
and flat_ boxes and sadting the first file in each, BiaBark and Flat folders

- Select the folder which will store the master calibration files by clicking on, in turn, the
mbias.fits, mdark.fits and mflat.fits folder icons and navigating to and selecting
AstrolmageJ/W/ASR12b/Master Calibration Files folder in each case

The configured window is shown in Figure 3.1.

File Preferences View

Control Options Directory Filename/Pattern &
Science Image P
Filename Paltern Matching

[] Enable Sort Num C\Users\RogerDymockl @ filenamepattern fits

Filename Number Filtering

Enable Min: 03| Max 1000000000 2
Bias
Build O ave @ med C\AstrolmageJ\WASP-12b\Calibration Files\Bias\ 'H *fits
Enable C:\Astrolmage JWASP-12b\Master Calibration Filest 'H mbias fits
Dark
Build O ave ® med C\AstrolmageJ\WASP-12b\Calibration Files\Darksl ".J *its
Enable scale deBias  |C\AstrolmageJ\WASP-12b\Master Calibration Filest 'H mdark fits
Flat Division
Build Oave @ med Gi\Astrolmage\WASP-12b\Calibration Files\Flats\ b its]
Enable Remove Gradient C:\Astrolmage JIWASP-12b\Master Calibration Filest ".J mflat fits
Image Correction
[] Enable Linearity Carrection New pixel value = D.0E0 3|+ 1.0E0 3| x (Pixval) + 0.0ED 3 | = (Pixval)* + D0ED = =
Remove Outliers Bright Dark Radius: 25| Tnreshold: 505

FITS Header Updat

Target Coordinate Source Observatory Location Source
General Plate Solve L 2 %‘ Coordinate Converter manual entry Coordinate Gonverter manual entry
Save Calibrated Imag
Enable 16 32 Sub-dir:|pipelineout Suffic|_out Format
Post P
M-Ap Save Image -t Macro 1 (C:\Users\RogerDymockl
M-Plot Save Plot W [ Macro2 [CoUsersiRogerDymack:

Control Panel
[ Pallinn Interval = — — =

Figure 3.1 Configured CCD Data Processor window

Click on the START button to process the calibration files. If you are scratching your head,

as | was, as to the whereabouts of this button then scroll donaidjress is shown in the

Log window, Figure 3.2The totals on theight-handside of the page Wnow read 11 and

1for each set of configuration files indicating the number of each processed and that a master
file has been saved.



If you geta message indicating lack of memory go to the AstolmageJ toolbar and select
Edit/Options/Memory and Threadadset Maximum memory to 2000MB.

File Edit Font

~

[2019-02-18T13:52:40 496]  Dark corrected with mdark
[2019-02-18T13:2240 496]  Gradient removed from ca
[2019-02-18T13:82:40 496]  MNormalized calibrated flats
[2019-02-18T13:82:40 965]  Saved master flat file "Cowe
[2019-02-18T13:52:40 981]

[2019-02-18T13:52:40 983] =F|NISHED
[2019-02-18T13:52:40 .984] -
£ >

Figure 3.2. Log window

3.2 Science File calibration
In theCCD Data Processor window;
- Deselect Bias, Dark and Flat Build boxes

- Select the Enable Science image processing checkbox

- Select the Raw Science File diregt@and file type as for the calibration files (boxes at top
of screen)

- Enable Save Calibrated images and 32 bit option

- Specify directory for saving calibrated images; Reduced_Science_Files and Suffix; _bdf

- The Plate Solve option is not requiredVd8SP-12b files are already plate solved

Click on the START button to process the science imafjes AlJ Image Display, Figure
3.3, window opens and shows each image as it is procé&igatarly, the Log window

Figure 34shows progressnd i ndi cates O6Finishdéd when the ¢
It is advisable not to do anything else on the computer when this, and any other, sequences
arerunninps some applications can 6t hrow a wobbl

with AlJ | cannot say but best to be careful.



File Preferences Scale View Annotate Edit Process Color Analyze WCS
4096x4096 pixels; 32-hit, 64MB (WCS=RA-SIP,DEC-SIP,TAN,CD matrix)
ImageJ X: 2,891.6828 ImageJY: 4,066.2470 Value: 1,685.9207
RA:| 06:30:18.233 DEC:| +29:53:28.16 Peak: 1,722.1676
FITS X: 2,892.1828 FITSY: 30.2530 Int Cnts: 1,835.8409

-28398.2 -19283.4 -9804.0 -1783.0_6238.0

%N @EYEPE TR »”

14259.0 23009.3 31759.5 40503.8 49260.0 58010.264937.5

=)

[-28,398.2988 [min

[ 1.467.7772]black mean:1,6152246  white] 2,205.0141]  max| 64.937.5391

Figure 3.3. AlJ Image_DispIay window

File Edit Font

[2019-02-21T09:42:20.623]
[2019-02-21T09:42:20 523]
[2019-02-21T09:42:20 625]
[2019-02-21T03:42:20.625]
[2019-02-21T09:42:20.625]
[2019-02-21T09:42:20 525]
[2019-02-21T09:42:20 625]
[2019-02-21T03:42:20.625]
[2019-02-21T09:42:20.968]
[2019-02-21T09:42:20 968]
[2019-02-21T09:42:20 968]
[2019-02-21T0%:42:21.905]
[2019-02-21T09:42:21.909]
[2019-02-21T09:42:24 508]
[2019-02-21T09:42:24 510]
[2019-02-21T03:42:24 510]
[2019-02-21T09:42:24 512]
[2019-02-21T09:42:24 512]
[2019-02-21T09:42:24 512]
[2019-02-21T03:42:24 512]
[2019-02-21T09:42:24 514]
[2019-02-21T09:42:24 514]
[2019-02-21T09:42:24 514]
[2019-02-21T03:42:24 862]
[2019-02-21T09:42:24 562]
[2019-02-21T09:42:24 862]
[2019-02-21T09:42:26 457]
[2019-02-21T03:42:26 469]
[2019-02-21T03:42:26 469]
[2019-02-21T09:42:26 469]

<

JD = 2456319.826945 (mid-exp)

HID = 2456319.833805 (mid-exp)  (correction = 6.9976 minutes)

BID(TDR) = 2456319 B34569 [mid-exn)  (correction = 8 0980 minutes)

Altitude = -47.01 (mid-exp)

Azimuth = 316.53 (mid-exp)

Hour Angle = 9.82 (mid-exp)

Zenith Distance = 137.01 (mic-exp)

Alrmass = -1.0000 (rid-exp)

Bias corrected with mhias fits

Dark corrected with mdark fits and exposure time scaling factor 100.0/100.0=1.0

Flat corrected with mflat fits

Saved processed science file "CAstrolmage\WASP-120\Raw Science Files\Reduced_Science_FllesWWASP-12b_00268_hdf fits
Loading science file "ChAstrolmageiWwASP-120WRaw Science FilesWwyASP-12b_002689 fits" (230 of 230)

Observatory name "Custom Lon, Lat, and Alt entry" manually selected

Target coordinates manually entered = 068:30:32.797 +29:40:20.27 (J2000)

JD = 2456319.830324 (mid-exp)

HJD = 2456319.695184 (mid-exp)  [correction = 63975 minutes)

BJD(TDE) = 2456319.835948 (mid-exp)  (correction = 8.0979 minutes)

Altitude = -47 .38 (mid-exp)

Azimuth = 516.92 (mid-exp)

Hour Angle = 9.85 (mid-exp)

Zenith Distance = 137.35 (mid-exp)

Airmass =-1.0000 (mid-exp)

Bias corrected with mbias fits

Dark corrected with mdark fits and exposure time scaling factor 100.0/100.0=1.0

Flat corrected with mflat fits

Saved processed science file "ClAstrolmage WASP-120\Raw Science Files\Reduced_Science_FllesWwASP-12b_00269_hdf fits

e |G HE D

Figure 3.4. Log window indicating calibration sequence is complete.



The calibrated science files are created in afsider in the Raw Science Files fold&/hen
procesgig is finishedclose AlJ andnove this folder to GAstrolmagJ/Wasp
12b/Reduced_Science_ Files.

4.0 Photometryi generating a transit light curve

4.1 Setup

Select the calibrated image#lJ Tool bar/File/Import/Image Sequence, navigate to the
Reduced_Sciece_Files folder andpen the first image listed he Sequence Optiomsndow
opens’ Figure 4.1 Select Sort names numerically and Use virtual stack then OK.

Mumber of images:
Starting image:

Increment:

1

=
=
=

Scale images: |1

File name contains:

i

ar enter pattern:

[ Convertto RGB
v Sart names numerically

v Use virtual stack

4096 x 4096 x 230 (14720.0MB)

0K | Dancel| Help|

Figure 4.1. Sequence Options window

The selected imag&®/ASP-12b_00040_bdf.fitsopensi Figure4.2. Ensure north isp and
east to thdeft i adjust using View/Invert X and/or Y as required.



File Preferences Scale View Annotate Edit Process Color Analyze WCS
4096x4096 pixels; 32-hit, 64MB (WCS=RA-SIP DEC-SIP, TAN,CD matrix)

ImageJ X: 4,003.6105| ImagelY: 3,920.8741 Value: 1,173.0575
RA:| 06:29:45.435 DEC:| +29:52:35.06 Peak: 1,298.6941
FITS X: 4,004.1105 FITSY: 175.6259 Int Cnts: -196.9271

'4-{: '\b)\ -‘l. \Z’Z '

rEo 9% FEl

-28591.7 -19446.9 -10302.1 -1523 6158.4 142059 2298493 317639 405429 48956.1 57735.165051.0

N
E28,591‘7734 :min 1,039.7970/ black mean:1,217.2038 white:| 1,926.8311| max|_65,051.0039]

Figure 42. Image Display window showing first reduced science image.

@
Select the *®* jcon to open the Aperture Photometry Settings widdvigure 4.5 Set;

- Radius of object aperture =20
- Inner radius of background annulus =24
- Outer radius of background annulus =30

Then OK to close window.

O

Toggle the aperture display icL..= to deselect the background apertures. You will need
zoom in to see the apertures cledrlyigure 44.



File Preferences Scale View Annotate Edit Process Color Analyze WCS
1/230 (WASP-12b_00040_hdf fits); 4096x4096 pixels; 32-bit; 14.4GB (WCS=RA-SIP,DEC-SIP,TAN,CD matrix)

ImageJ X: 2,141.0000 ImageJY: 2,452.0000 Value: 1,138.5809
RA:| 06:30:40.417 DEC:| +29:43:10.69 Peak: 1,298.3597
FITS X: 2,141.5000 FITSY: 1,644.5000 Int Cnts: -192.2677

R HEOREE 2% Fwxe+E @ERAAX W

> < >
-28591.7 -19812.7 -11033.7 -2620,5\_)41695.3 12011.1 200585 28106.0 36153.4 44200.8 522482 65051.0

I — A
F28,591.7734 |min 1,039.7970} black mean:1,217.2038  white] 1,926.8311] max| 65,051.0039|

Figure 44. Background apertures deselected

Alt/Left click on a bright, norsaturated star to display the Seeing Prafilegure 44.



Figure 44. Seeing Profile
Click on Save Aperture in theeSing Profile window to select the suggested aperture sizes,
on in the Image Display window to confirm these settingsgure 451 and then OK to

close the Aperture Photometry Settings wind®elect  to clear apertureand click
to toggle displayf sky apertures.



