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1. Introduction

Observation Planner is a Java plugin for Astrolmage) (AlJ) which runs from the All toolbar. The main
function is to download and select comparison star data from an on-line star catalog. Planner
converts selected data into radec file format to import aperture coordinates into All. Candidate
comparison stars can be filtered based on magnitude and the software plots apertures on a VSP
chart for visual inspection. The user interface comprises three tabs for observer, target and catalogs
functions, described in the context of a Astrolmagel-based photometry workflow sequence.

Overview

Section 2 steps through the workflow for a given target star, from observation night planning
through to Al transit analysis.

Section 3 covers observation planning. The section walks through running the Observation Planner
plugin to generate a radec file to import aperture coordinates into AlJ.

Section 4 covers image reduction in All. The user configures the CCD Data Processor window to
import WASP12 raw science and calibration fits files, then runs the image reduction process. Fits
image files can be plate solved using ANSVR or ASTAP software.

Section 5 covers photometry analysis in All. The user imports the image set and, based on visual
inspection, may remove poor quality images from the processing stack. This section is largely based
on Section 4 in ref [1].

Section 6 covers Astrolmagel) Multi-plot (MP) windows configured to plot transit and other data sets.
The three plot configuration windows are complex and Dennis Conti’s Guide (ref [2]) was invaluable
in preparing this section.

Section 7 briefly covers modelling transit data in All to compute transit timing and depth
parameters. This section also leans rather heavily on ref [2].

Section 8 provides a brief summary and describes some enhancements in AlJ v5. Finally, a short list
of potential features for Observation Planner is considered.

Best Practice: Closing Astrolmagel toolbar after parameter changes

On closing, AlJ saves current configuration data to AlJ_Prefs.txt file. On my PC the path to this file
is C:\Users\rlee1\.astroimagej\All_Prefs.txt.

To ensure any changed settings are saved:
- Close any open windows, DP Coordinate Converter, CCD DP Data Processor, etc
- Close the Al toolbar through either Toolbar | File | Quit or Toolbar | Close icon
- Re-open AlJ and confirm the new settings have been retained.

APPENDIX A - Download and install software
Refer to APPENDIX A to download, install and configure software.

Software Licence

Planner.jar and astro_plugins-x.jar are open-source software licensed under GPL-3.0
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References:

Ref Title Link
[1] A Guide to Astrolmagel) Differential Photometry, Richard Lee BAA Guides
[2] A Practical Guide to Exoplanet Observing, Dennis Conti Al Home
[3] Astrolmagel: Image Processing and Photometric Extraction for Al Home
Ultra-Precise Astronomical Light Curves (Expanded Edition), Karen
Collins, et al
[4] Astrolmagel 2.4.1 User Guide AlJ Home
[5] BAA Photometry Spreadsheet (version 2.10) BAA Spreadsheet
On-line Resources
Title Link
AAVSO Variable Star Plotter VSP
AAVSO Photometric All Sky Survey APASS Home
SIMBAD Astronomical Database - CDS (Strasbourg) SIMBAD
Digitized Sky Survey DSS Wiki
NASA Exoplanet Archive NASA Exo
EXOFAST - Quadratic Limb Darkening EXOFAST
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https://britastro.org/section_information_/exoplanets-section-overview/guides-tutorials
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https://www.astro.louisville.edu/software/astroimagej/
https://www.astro.louisville.edu/software/astroimagej/
https://britastro.org/photdb/notes_submissions.php
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https://astroutils.astronomy.osu.edu/exofast/limbdark.shtml

2. Workflow Sequence

This section outlines an Astrolmagel-based photometry sequence to process WASP12 example fits

files. These images were captured with a red filter at the University of Louisville’s MORC24

observatory. Where practical, the workflow excludes one-off items such as downloading and

installing software.

Workflow output is a best fit transit model to a normalised and detrended photometry data set.

Refer to Appendix A for (most of) the one-off software configuration steps.

Section | Process Software

3 Observation Planning
Configure observer location for WASP12 example images AlJ | DP CC
Specify ObjectID and observation parameters Planner
Plot overnight target altitude
Run on-line query of VSP or APASS catalog for selected filter band Planner
Save filtered and selected table rows to radec file
Option to download a DSS fits image of specified region Planner
View DSS image with aperture overlay; review aperture selection All | Image Viewer

4 Science Image Reduction
DP Coordinate Converter for WASP12 All | DP CC
Option: Plate solve raw images [1] ANSVR / ASTAP
Compile master calibration files AlJ | CCD DP
Reduce science files

5 Astrolmagel Photometry [2]
Import image stack Al | toolbar
Visual check of image quality AlJ | Image Viewer
Set measurement aperture radii All | Image Viewer
Import radec apertures
Run AlJ Photometry AlJ | CCD DP
Save measurements.tbl results file

6 Astrolmage) Multi-Plot [3]
Import measurements.tbl into Multi-Plot Main AlJ | MP Main
Configure Multi-plot Main window [3] Al | MP Main
Configure Multi-plot Y-data window [3] All | MP Y-data
Configure Data Fit Settings window AlJ | Fit Settings
View plot of measurements All | PM

7 Transit Analysis All | Fit Settings
Download and input user specified parameters NASA Exoplanet Archive
Download and input limb darkening fit parameters EXOFAST
Extract model-based transit depth and timing results

Al Astrolmagel
6
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DP CC DP Coordinate Converter window

CCD DP CCD Data Processor window

MA Multi-Aperture Measurements window
MP xxx Multi-plot xxx window

PM Plot of Measurements

[1] Optional step, the WASP!2 fits files are plate solved.
[2[ Configuring Multi-Aperture Measurements window will be moved to Appendix A in a later edition.

[3] Multi-Plot configurations are saved in plotcfg files
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3. Observation Planning

This section covers configuring observer details in AlJ, running on-line database queries, and creating
radec file with aperture coordinates to import into All. To demonstrate, the final sub-section
describes how to overlay apertures onto a DSS image.

Refer Appendix A to download and install software:

e Astrolmagel version 5 or later

e Planner.jar and astro_plugins-1.0a.jar, GitHub repository
e Option: plate solving software, ANSVR or ASTAP (GitHub)
o  WASP12 example fits files

Refer to Appendix B for one-time configuration of All settings.

3.1.Setup Observer Location
3.1.1. Configure observatory location in Astrolmage]

AlJ determines the Observatory Location either from manual entry in the DP Coordinate Converter
dialog or by extracting from FITS header. Setup manual location as follows:

1. Open All and from the toolbar click on the CCD Data Processor Tool | ‘ (third icon from right).
Two windows open:

The larger CCD Data Processor is the ‘control centre’ for All image processing..
The DP Coordinate Converter (DPCC) contains Observatory and Object ID fields.

2. Inthe CCD Processor | FITS Header section, set both drop-down controls to: ‘Coordinate
Converter manual entry’

FITS Header Updates

Target Coordinate Source Observatory Location Source

General [ Plate Solve ¢ S /f Coordinate Converter manual entry v | | Coordinate Converter manual entry v

The calipericon 7 inthis figure toggles visibility of the DP Coordinate Converter window.

3. Inthe DPCC window, click on ‘Preferences’ menu header then check / uncheck the Preference
settings as below.

? Coordinate Converter
File Preferences Network Help
c ¥ Show coordinates in sexagesimal format
L Use computer time zone, deselect to manually enter offset from UTC
Use 12-hour local clock format, deselect to use 24-hour format
‘
1 ¥ Show local twilight time, deselect for UTC format g

Report 5585 as 'DOWN', deselect to show negative altitude

<

Show tool tips st

<

Use custom observatory fist (restart of AstroCC required)

Include proper motion correction
Include precession correction
Include nutation correction

Include stellar aberration correction

) BSH BSE BN BN S

Include atmosphenc refraction correction to altitude

1
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4. To register changes, close and re-open the All toolbar, click = to open the DPCC window and
confirm Preferences menu settings are as shown above

5. Inthe DPCC window, select Moore Observatory, UoflL, RC24 from the drop down, (note two
Moore Observatory entries are listed).

6. Setthe UTC offset to -5 (EST, Eastern Standard Time). Close and reopen the CC dialog to register
changes and leave the dialog open for the next section.

<" DP Coordinate Converter — O %

File Preferences MNetwork Help

Current UTC-based Time

UTC: 2022-10-24 07:4225 | Local: 2022-10-24 02:42:25 JD:|2459876.821120 | LST:04:11:05
SIMBAD Object ID {or §S Object) Time Zone Observatory ID
WASP12 UTC offset 515 Moore Observatory, UofL RC24, Brownsboro, KY ~

_Tarnat Dranar Mafinn fmachrl — _Canaranhis | acatine nf Oh

3.1.2. Configure observatory location in Observation Planner

The Observer Location data is imported from AlJ. Observer and Equipment Details section contains
manual entry data fields. The Observer tab is usually a one-time setup.

1. From Al toolbar, select Plugins => Astro Apps => Run Planner App to open the Astrolmage)
Observation Planner dialog then click on ‘Observer’ tab.

Astrolmage) Observation Planner - 1.00a.10 = m} X

Target Catalogs Observer

Observer & Equipment Details Observer Location
BARVSS Obearver Coderj socx Latitude:  +3820:41.25 North
SRcvecamesy dheerver Longitude:  -85:31:42.51 West
Telescope Short Description: MORC24 Altitude (m): 229
Telescope Ful Desaption: = Moore Observatory 24-nch Rtche-Chreten UTC Offset (he): -5.0
Aperture (mm):  600.0 Space for user notes

Focal Length (mm): = 4800.0

Camera: Apogee U16M CCD
Pixel Size (H) (um) 9.00
Pixel Size (V) (um): 9.00
Array Size(H) (pixels): 4096
Array Size(V) (pixels): 4096

Gan (e-foount):  1.250
Readout nose (e-/px): 9.0

Dark current (e-/s/pix):  0.010

Derived Parameters
Pixel Size (arcsec): 039 039
Field-of-View (arcmin): 26,40 2640
Update Params Save

Observer Location

Observer Location details are imported from AlJ; confirm by cross-checking with DPCC dialog then
close the DPCC dialog.
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Observer and Equipment Details

This section Is largely based on the BAA spreadsheet (Ref [5]). Bold highlighted labels are required
fields for submitting results to the BAA database. The default values are selected to process the
WASP12 example images.

Dark current and Readout noise data is imported from AlJ Aperture Photometry Settings.
Derived Parameters

Pixel size (“/pixel) and field-of-view (arcmin) computed from telescope and camera parameters.

3.2.Specify Target in Observation Planner

In the Planner dialog, click the Target tab configured on first use for WASP12 example images.

Astrolmage) Observation Planner - 1.00a.06 - O X

Target Catalogs Observer

Catalog Query settings
StarAlt Plot - Starting night: 2022-10-16

ObjectlD  wasp 12
RA; 06:30:32.80 HH:MM:SS.55 85

Dec:  +29:40:20.26 +DD:MM:SS.SS

Fov: 250 arcmin 70
65
Limit. | 15.0 mag
60
Catalog: = VSP ~ 55

Filter. | Rc ~

Altitude (deg)
&

SIMBAD Data &
Objectld: . 35
RA: HH:MM:S5.55 30
DEC: DD:MM:55.55 25

MagB: .

MagV: . 10
MagR: . 5
Magl: 0

12 13 14 15 16 17 18 19 20 21 22 23 0D 01 02 03 04 05 06 07 08 09 10 11
Local Site Time (hr)

SIMBAD Query Save Query Data | Start Night: 16 October 2022 | .. Gr ST TES
Sunset:  18:03 Twi End: = 19:32 Twi Start: | 05:25 Sunrise = 06:53

Catalog Query settings

Target object parameters to run a query on an on-line database, VSP (Variable Star Plotter) in this
figure. Tooltips provide a short description and acceptable data range for each field.

SIMBAD Data

Lists results of Objectld-based query on the SIMBAD database.

StarAlt Plot

Object altitude plot over 24 hr at observer’s location, runs from Start Night noon to next day noon.

Civil Solar Times

Local times for Sunset and Sunrise, plus Twilight for current Start Night; default Start Night is today’s
date (16 October 2022 in this figure).

Controls

Button controls run and save results of SIMBAD queries; click - to change the Start Night.

10
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The StarAlt plot shows the maximum altitude of WASP12 target is about 6 am local time on 16
October 2022, with UTC offset = -5 hr. Maximum altitude advances by 2 hr / month (= 24 hr / 12
month), so in January, WASP12 should reach maximum altitude around midnight at Moore

Observatory.

3.2.1. Setup WASP12 Parameters

1. Enter Catalog Query settings fields as below:

Catalog Query settings

ObjectlD | wasp 12|

RA:

Dec:

Fov:

Limit:

Catalog:

Filter:

06:30:32.80

+29:40:20.26

25.0

15.0

VSP

Rc

HH:MM:55.55

+DD:MM:SS.SS

arcmin

mag

RA and Dec coordinates values automatically update after a SIMBAD query (but see Alert below).
The FOV is slightly smaller than the derived value in Observer tab. The VSP catalog is the AAVSO
Variable Star Plotter database and the WASP12 images were exposed with a red filter.

2. Click [SIMBAD Query] to run a name-based query on the SIMBAD database. After a short delay, a
message dialog opens confirming updates to SIMBAD Data fields. The second dialog is for a
failed query based on ObjectID = wasp 12x (i.e., wasp12x was not found).

Message

Updated SIMBAD Data fields for Objecld: wasp 12
Saved to properties file:
CA\Users\rlee 1\.astroimagej\AlJ_Planner.properties

X

OK

Message X

Objectld field: wasp 12x
not found in SIMBAD database

OK

Message dialogs for successful and unsuccessful SIMBAD queries
ObjectID = wasp 12 and wasp 12x respectively

3. Close the message dialog, the Catalog Query settings and SIMBAD Data section should be

updated with SIMBAD results.

Note: MagV = 11.57, implies probable value for MagR ~11.5.

Nov-2022
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RA:

Dec:

Fov:

Limit:

Filter:

Catalog:

Catalog Query settings

ObjectlD | wasp 12|

06:30:32.80 HH:MM:55.55

+29:40:20.26 +DD:MM:S5.55

25.0 arcmin
15.0 mag
Vsp v

Re v

SIMBAD Data

Objectld: WASP-12
RA: 06:30:32.80
DEC: +29:40:20.26

MagB: 12.14
MagV: 11.57
MagR: .

Magl: .

Catalog Query and SIMBAD Data after a succesful WASP12 SIMBAD database query

4. Click [Save Query Data] to save settings to properties file and close the message dialog.

Intermittent bug alert:
When RA and Dec fields are both set to 00:00:00, the fields may not update after a SMBAD query.

RA; | 00:00:00

Dec:  +00:00:00

HH:MM:55.55

+DD:MM:SS5.55

This is an intermittent bug. Please try entering non-zero values in both fields (e.g., 01:00:00) and
repeat the SIMBAD query

3.2.2. Start Night

1. Inthe Planner | Target tab, click the ellipsis control

to 26 January 2013. Note: clicking ‘Clear’ resets to the date today.

Nov-2022

StarAlt Plot - Starting night: 2013-01-26

90
85
80
75
70
65
60
55

Altitude (deg)
&

35
30
25
20
15
10

12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 04 05 06 07 08 09 10 11
Local Site Time (hr)

Start Night: | 26 January 2013

Civil Solar Times

Sunset.  17:58

Twi End: | 19:29 Twi Start: | 06:20 Sunrise  07:51

Wasp12 | Start Night: 2013-01-26

12

- to open the calendar and set Start Night
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Observed from the Moore Observatory, WASP12 reaches maximum altitude at about 23:00,
local time.

3.3.Run On-Line Database Query

Click the Catalogs tab to open the catalogs interface with an empty data table:

| Target Catalogs Observer

Sort By Ap Objectld Ra2000 Dec2000 Mag Mag Err  Mag diff Dist Nobs USE
Distance |Delta Mag|

Selection Filters + DSS FITS
Save DSS Fits File
Apply mag limits

Upper Mag: 0 N/A

Nominal Mag: 10

Ol ][O

Lower Mag: 0 N/A

Nobs (APASS) 18

Catalog Record Counts
Total records: 0
Filtered records: 0

Selected records: 0

Query Data

ID: WASP12 | FOV: 25.0

RA: 06:30:32.80 | Dec: +29:40:20.26
Catalog: VSP | Fiter: Rc | Mag: <15.0

Run Query Import RaDec File

Sort By
Options to sort table data in order of increasing:
e radial distance (in arcmin) from target object position. or
e increasing absolute difference (A) between comparison magnitude (m) and nominal target
magnitude (mo) A= |m-mpg|.
Selection Filters + DSS Fits
Option to download a DSS fits file for specified coordinates and field-of-view (default = checked)
Option to apply mag limits to filter table data (default = checked).
Spin controls to set upper and lower mag bands to filter table data. ‘N/A’ implies limit is disabled.

Nobs (APASS) filters table data by minimum number of observations, applicable to APASS catalog
only.

Catalog Record Counts
Displays total number downloaded records plus counts for filtered and user-selected records.
Query Data

Summary of last saved Target | Catalog Query Settings data. This data is used to compile a query on
selected catalog.

Data Table

13
Nov-2022 DRAFT



Tabulates target and filtered comparison star data, currently empty.

3.3.1. Run WASP12 | VSP Database Query

1. Confirm Query Data values are as below, with Catalog: VSP and Filter: Rc. Also check that ‘Save

DSS Fits File’ option is checked.

Catalog Query settings

ObjectlD wasp121
RA: 06:30:32.80 HH:MM:SS.SS

Dec: +29:40:20.26 +DD:MM:SS.55

Fov: 250 arcmin
Limit: = 15.0 mag
Catalog:  VSP v
Filter: Rc W

Query Data
ID: wasp 12 | FOV: 25.0
RA: 06:30:32.80 | Dec: +29:40:20.26
Catalog: VSP | Fiter: Rc | Mag: <15.0

VSP Query settings in Target Tab

VSP Query settings in Catalogs Tab

If necessary, switch back to the Target tab and edit Catalog Query settings to these values. Click

[Save Query Data] and return to Catalogs page.

2. Click [Run Query] to run a query on the VSP and DSS databases — note that the queries can take

a few seconds. Close the confirmation dialog(s).

3. The data table is populated with 5 comparison star records and a chart opens displaying

apertures centred on database stars.

Target Catalogs Observer

Sort By Ap Objectld Ra2000
Distance |Delta Mag| WASP12 06:30:32.80
coz 000-BKG-167 06:30:31.88
Selection Filters + DSS FITS o3 000-BKG-166 06:30:39.80
Save DSS Fits File co4 000-BMX-310 06:30:22.63
) cos 000-BKK-420 06:30:16.17
Apply mag limits
Co6 000-BKG-168 06:31:08.10

Upper Mag: 0 N/A

MNominal Mag: 10

(o2 REedNEe}

Lower Mag: 0 N/A

<>

Nobs (APASS) 1

Catalog Record Counts
Total records: 5
Filtered records: 5

Selected records: 5

Query Data

ID: WASP12 | FOV: 25.0
| RA: 06:30:32.80 | Dec: +29:40:20.26
Catalog: VSP | Fiter: Rc | Mag: <15.0

Run Query Import RaDec File Save RaDec Fie Update
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Dec2000
+29:40:20.26
+29:42:27.30
+29:37:40.50
+29:44:42.10
+29:33:45.10
+29:41:52.80

Mag
10.000
11.878
10.109
11.422
10371
12.187

Mag Err
0.000
0.108
0.124
0.101
0.102
0.125

Mag diff
0.000
1.878
0.109
1422
0.371
2187

Dist
0.00
213
3.07
4.89
7.51
782

Nobs USE

1
1
1
1
1
1

Clear
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Header To1 Cnn
Ap Green TO1 aperture identifies the target | Red Cnn apertures identify the database
object comparison star objects

Objectld User name for target object Database object names

Ra2000, Target J2000 coordinates, image centre | Database J2000 coordinates

Dec2000

Mag Target Nominal Mag Database mag for selected filter or
magnitude band

Mag Err N/A Database mag error for selected mag
band

Dist N/A Radial distance to target coordinates in
arcmin

Nobs N/A Number of observations (APASS catalog)

USE Checked Default state is checked; user unchecks
to de-select table row

The next Figure shows the AAVSO chart centred on target, extent defined by the Catalog Query FOV.
The over-lay set of apertures correspond to table coordinates.

VSP Star chart X
AAVIU
Magn (2000) 06:30:32.80 +29:40.20.2 Chart
I*eriodt
e x28251052 Catalog Record Counts
. Total records: 5
s . Filtered records: 5
.
B . - Selected records. 5
Lt
-
. 1Eactm
2
-
@&6 cez .
+
L]
. .
- @ . - .
L 01
P .
. -
.
- Y g
- o5
.
- _
rov=250
Pleasc use the photemetry table tor CCD observations,

VSP catalog: Record counts=5| 5 |5

3.3.2. Run WASP12 | APASS Database Query

Run APASS query with no applied filters

1. Click [Clear] to clear the data table and close the chart.

Nov-2022
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Click the Target tab, from the Catalog Query settings drop-downs, first select the APASS catalog
then select SR filter. Click [Save Query Data] to save selections and close confirmation message

dialog.

The Catalogs tab query data should match the Catalog Query settings user inputs as below.

ObjectlD
RA:

Dec:

Fov:
Limit:
Catalog:

Filter:

Catalog Query settings

wasp 12
06:30:32.80
+20:40:20.26
25.0

15.0

APASS

SR

e

HH:MM:55.55

+DD:MM:S5.55

arcmin

mag

Query Data

ID: wasp 12 | FOV: 25.0

RA: 06:30:32.80 | Dec: +29:40:20.26
Catalog: APASS | Fitter: SR | Mag: <15.0

APASS Query settings in Target Tab

APASS Query settings in Catalogs Tab

In the Catalogs tab, click [Run Query] to run a query on the APASS database. The query returns
more than 400 records matching the Catalog Query settings.

VSP Star chart

Magn:
1eriod),

(2000) 06:30:32.80 +29:40:20.2

X

ARV DU
Chart

HZEIBZET

Catalog Record Counts
Total records: 418
Filtered records: 418
Selected records: 418

Total records = 418, no filters applied

Nov-2022
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Note: APASS records do not include an object identifier. The Planner app generates a unique
identifier based on Ra and Dec coordinates, with name format HHMMSSSS+DDMMSSSS.

Formatting example for Ap C02:

Ap Objectld Ra2000 Dec2000

TO1 WASP12 06:30:32.80 +29:40:20.26
C02  06303279+29402033 06:30:32.79 +29:40:20.33

Apply magnitude filter to WASP12 records

1. Select Sort By: Distance; the table automatically sorts in order of increasing distance from target
coordinates.

Ap Objectld Ra2000 Dec2000 Mag Mag Err  Mag diff Dist Mobs USE
TO1 WASP12 06:30:32.80 +20:40:20.26 10.000 0.000 0.000 0.00 1 V]

06303279+29402033 06:30:32.79 +29:40:20.33 11.415 0.070 1.415 0.00

e e e Tt S AR AnArTe AroAALAT A S AL AfLAr T Ar a7 noAnn oA A oan

Duplicate Table Records

Note that aperture C02 (id = 06303279+29402033), the Dist field is 0.00, indicating TO1 and C02
are duplicate records. Taking the catalog mag value (11.415) for this row should be a good
estimate for the Nominal Mag field.

2. Enter Nominal Mag = 11.4 (roughly equal to C02 catalog mag in the previous figure).

3. Type or use spin controls to set mag limits: Upper Mag = 0.8 and Lower Mag = -0.5. The ‘N/A’
labels change to display upper and lower magnitude limits. Note: these settings are loosely
based on recommendations in section 6.4.2 in Ref [2].

Selection Filters + DSS FITS
[] Save DSS Fits File

Apply mag limits

Upper Mag: 08 ¢ 12.2
Nominal Mag: 114 | &

LowerMag: @ 05 O 10.9
Nobs (APASS) 1¢

4. Click [Update], the Filtered records count drops from 418 to 18.
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ARV DU
Wagn (2000) 06:30:32.80 +29:40:20.2 Chart
I’erioct
Type:
D8 X28252BT
o,
' ' G
) [< TP
‘0 €12, i
C
u e,
L%
.
Iy
® . o6
Cc14
\ .
. *177 03 T
® o
o2
o} o4 .
| c15 o5, - @ .
A R o s
Pas -
© ’
. co9 Oswg -
ces )
. ¢is
19 ov=250
Plcasc use the phu\ummji;m\c for CCD observations.

Mag filter applied: Record counts =418 | 18 |18

Catalog Record Counts
Total records: 418
Filtered records: 18

Selected records: 18

5. De-select rows C11 (proximity to bright neighbour) then de-select C02 (duplicate target star).
Click [Update] to update counts and chart; the Selected records count drops from 18 to 16. Note

that the Ap column updates automatically when a USE cell is selected or de-selected

ARV OU
Wagn [2000) 06:230:32.80 +29:40:20.2 Ohant Catalog Record Counts
1eriod
Ty
> XPE253CD Total records. 418
@ Filtered records: 18
s ) oy o
* O “& Selected records: 16
] ) - c16 7
L .
-
@ 2 @cas

c12

. 2 ‘

* e . oz .

+ . ®caa
© . &cw .
€13 coa. i .
- H @05 ‘ IG-CG]
B .
- OCBE G‘tgg N
o6 ®
. . OCM
Please use the photomety Tl for CCD obse ratons,
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Mag filter plus 2 de-selected rows: Record counts =418 | 18 |16
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Astrolmage) Observation Planner - 1.00a.06 = O X
Target Catalogs Qbserver
Sort By Ap Objectld Ra2000 Dec2000 Mag Mag Err  Mag diff Dist Nobs USE
' Distance |Delta Mag| wasp 12 06:30:32.80 +29:40:20.26 11.400 0.000 0.000 0.00 1 ]
06303279+29402033 06:30:32.79 +29:40:20.33 11415 0.070 0.015 0.00 4
Selection Filters + DSS FITS coz 06303188+29422730 06:30:31.88 +29:42:27.30 11.983 0.081 0.583 213 4 v]
(7] Save DSS Fits File €03  06304827+29393501 06304827  +29:393591 11381 0058  -0019 344 5 @
— o co4 06305007 +29385436 06:30:50.07 +29:38:54.36 11.773 0.060 0373 4.02 5 v]
[v] Apply mag limits
cos 06302262 +29444221 06:30:22.62 +28:44:42 21 11.554 0.080 0.154 4.89 4 4]
UpperMag: | 08 o] 122 C06  06302000+29330320 06302000  +29:3303.20 11775 0077 0375 7.80 4
co7 06295778+29380133 06:29:57.78 +29:38:01.33 11.892 0.082 0492 795 4 | 4]
Repaitea] 14 | 08 06305893+29342229  0630:5893  +29342229 11901 0061 0501 824 5 [V
Lower Mag: 05 & 10.9 co9 06295157 +29404647 06:29:51.57 +29:40:46.47 11.268 0.090 -0.132 897 4 [v]
06304354+29493334 06:30:43.54 +29:49:33.34 11.723 0.066 0323 951 4
Nobs (APASS) 1|¢ c10 06300448+29495088 06:30:04.48 +29:49:50.88 11.831 0.083 0431 11.32 4 ]
c1 06301904+29513387 06:30:19.04 +29:51:33.87 11.629 0.062 0.229 11.62 4 v]
c12 06312367+29441027 06:31:23.67 +29:44:10.27 11.159 0.058 -0.241 11.69 7 [v]
Etalodlicgiionnts €13 06312820+29385229 06312820  +29:385229 11974 0054 0574 1212 7 [J)
Total records: 418 Cc14 06301214+29284998 06:30:12.14 +29:28:49.98 11.319 0.082 -0.081 12.35 4 [v]
Filtered records: 18 Cc15 06295591+29501979 06:29:55.91 +29:50:19.79 11.947 0.083 0.547 12.80 4 v]
Selected records: 16 C16  06294772+29490762  062947.72  +2949%07.62  11.869  0.090 0469 1315 PR
c17 06310779+29280862 06:31:07.79 +29:28:08.62 12.040 0.057 0.640 1437 4 ¥
Query Data
1D: wasp 12 | FOV: 25.0
RA: 06:30:32.80 | Dec: +29:40:20.26
Catalog: APASS | Fiter: SR | Mag: <15.0
Run Query Import RaDec File Save RaDec File Update Clear
Filtered WASP12 APASS records in Catalogs tab: 418 | 18 |16
The Ap cell is blanked when the USE column is unchecked

Save Radec File

Click [Save RaDecFile] to save current data table to Al) compatible radec text file. A dialog opens
confirming WASP12.SR.025.radec.txt is saved in radec sub folder. Note that saving a radec file over-
writes an existing file without warning.

o Saved radec file: C:\Astro\Astrolmage) 5\radec\WASP12.SR.025.radec.txt
|
Import Radec File
1. Close message dialog and click [Clear] to clear the data table.
2. Click [Import Radec File] to open ‘Select radec file’ dialog.

3. Open WASP12.SR.025.radec.txt to populate the data table with the filtered and selected data
set. The data table should be the same as previous table figure except record counts are now 18
| 18 |16.

File Paths

Paths to radec and dss files, based on All installed in folder Astrolmagel 5. The software
automatically creates radec and dss folders as needed.

Path to radec txt file MAstrolmage) 5\radec\WASP12.SR.025.radec.txt

Path to dss fits file MAstrolmage) 5\dss\WASP12.025 fits
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3.4. Overlay DSS Image with radec Apertures

1. From the All toolbar, select File | Open, then navigate to and open dss fits file WASP12.025.fits’
(path as above). The dss image opens in a new AlJ Image Viewer window.

2. Inthe Image Viewer, select menu item File | ‘Import apertures from RA/Dec list...” to open the
Import apertures dialog. Navigate to and open ‘WASP12.SR.025.radec.txt’ to import the aperture
set created in section 3.3.2 (16 apertures)

3. If necessary, click S ‘zoom to fit image to window’ icon in the viewer toolbar to centre image.
Note 1: To display negative image as below, click E ‘display as image negative’ icon in the
Viewer toolbar. Click E again to revert to normal image display.

Note 2: The WASP12 DSS image is crowded with faint, high mag stars. The WASP12 example
images are much ‘cleaner’, so we defer further aperture selection / de-selection until section 4.

B WAsP12.025 fits (60.8%) — [m] X

File Preferences Contrast View Annotate Measure Edit Process Color Analyze WCS
"WASP12.025 fits"; 1000x1000 pixels; 32-bit (inverting LUT); 3.8MB (WCS=RA DEC, TAN,CDELT Only)

ImageJ X: -159.4605 ImageJY: 8223684 Value: NaN
RA:| 06:31:48.597 DEC:| +29:32:15.35 Peak: 0.0000
FITS X: -158.9605 FITSY: 178.1316 Int Cnts: 1.597611E-12

. IOEQISC:)‘:%% .©©@‘E +&+)\ J\X '

.« e CC11 1162913E6

o e SN » . o
L R A = L.m .8y °

. o it YRR =11 4?,
“ @mg . E?j 16E6

@C5-11554,1 %6 =t o
TR . o @cz;1_1‘9'83,'1156' $n 3 e

...... .-.. . .'4 g,

3=14381,: i 4€6- PR gy
®C13~1197415|?.6 '(og)cﬁmm 1ES, .

. .

e L L .:'_- v i .@"C]:.ﬂ:892.'9,2E5

u-'"

mean: 3,450.7260 white: 12,166.1845 max: 13,833.0000
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4. Astrolmage] Image Reduction

Refer to Appendix A for instructions to download the WASP12 example files. The raw science files
are already plate solved.

Copy raw science files to: C:\Astro\AstrolmageJ) 5\WASP12.SR.2013_01_26\Raw Science Files
Copy calibration files to: C:\Astro\AstrolmageJ) 5\WASP12.SR.2013_01_26\Calibration Files

The root folder for the WASP12 unzipped image set is WASP12.SR.2013_01_26, based on imaging
with a red filter and observation starting on 26™ January 2013.

The bias, darks and flats calibration files are copied into a single folder (Calibration Files). An
alternative is to copy bias, darks and flat fits files into individual sub-folders:

A\WASP12.SR.2013_01_26\Calibration Files\Bias\*bias*.fits
A\WASP12.SR.2013_01_26\Calibration Files\Darks\*darks*.fits
AWASP12.SR.2013_01_26\Calibration Files\Flats\*flats_r*.fits

In section 4.3, change the relative paths to Bias, Dark and Flat sections in CCD Data Processor
window accordingly.

4.1.DP Coordinate Converter Target Data
Note that the Target and Observation Sources should be set to ‘Coordinate Convert manual entry’.

1. From the All toolbar, click ﬂ to open the CC Data Processor and DP Coordinate Converter
(DPCC) windows.

2. Enter WASP12 in the DPCC | SIMBAD Object ID text field and press [Enter] to run a SIMBAD
guery. The dialog should update with WASP12 J2000 coordinates.

{ Current UTC-based Time

UTC: 2022-10-21 13:09:50 | Local: 2022-10-21 08:09:50 JD: 2459874.048499 | LST: 09:27:34
SIMBAD Object ID (or SS Object) Time Zone Observatory ID
WASP12 UTC offset. -5/ Moore Observatory, UofL RC24, Brownsboro, KY v
Target Proper Motion (mas/yr) Geographic Location of Observatory
pmRA:|-1.519 pmDec:|-6.761 Lon:|-85:31:42 51 Lat:|{+38:20:41.25 Alt|229
Standard Coordinates

J2000 Equatorial J2000 Ecliptic
SIMBAD RA:|06:30:32.797 Dec:|{+29:40:20.26 ‘ Lon’igﬁ 40:20.36 Lat|06:24:34.96

4.2.Plate Solve Options

Optional section: The WASP12 example fits files are already plate solved and this section can be
skipped in a first reading.

If not already installed, refer to Appendix A for instructions to download ANSVR or ASTAP plate
solving software.

4.2.1. ANSVR

ANSVR is fully integrated into AlJ with Plate Solver option in CC Data Processor | FITS Header
Updates.
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FITS Header Updates

General Pla

Select Plate Solve checkbox to run ANSVR solver when processing fits files in CCD Data Processor.

Click| # icon to open DP Astrometry Settings window. Constrain Sky Local option should be
checked; the Center RA and Dec fields should already be populated with WASP12 coordinates.

4.2.2. ASTAP

ASTAP is a popular alternative to ANSVR, with faster solve times and potentially smaller disk
footprint for small FOV images. | have developed a Java plugin to run ASTAP from the Al toolbar —
refer link in Appendix A for user instructions and example tutorial.

4.3.Set up CCD Data Processor Window

Image reduction in All consists of building master calibration files then running the science image
reduction process. Master file and image reduction can be done in a single sequence. Note that the
following screenshots are based on bias, darks and flats fits files being stored in a single calibration
folder.

4.3.1. Master Calibration Build Settings

Select Enable, Build med (median) options as shown in the next figure. Select scale and deBias in the
Dark Subtraction section to enable exposure time scaling.

DP CCD Data Processor
File Preferences View

Control Options
Science Image Processing
Filename Pattern Matching

FA Enable [] sort Num

Filename Number Filtering
] Enable

Bias Subtraction
Build O ave ® med

Enable
Dark Subtraction
Build (O ave @ med
Enable scale [] deBias
Flat Division
Build (O ave @ med

Enable [[] Remove Gradient

4.3.2. Setup Directories and File Wildcards

Science Image Processing section

Click the left folder icon '« to open a dialog titled ‘Select primary directory containing science files’.
Navigate to and select the Raw Science Files folder:
C:\Astro\AstrolmageJ) 5\WASP12.5R.2013_01_26\Raw Science Files.

1. Click the right folder icon & to open ‘Select a file’ dialog. Select and open the first file in the list
(e.g., wasp-12b_00040.fits). The Filename/Pattern field ‘WASP-12b_* fits’ is a wild-card filename
matching 230 files the Raw Science Files folder.
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Note: simple filename pattern ‘“*.FITS’ works for any folder containing a single fits file type. In
this case the Raw Science File folder contains WASP12 image files only.

Science Image Processing
Filename Pattern Matching

Enable [ SortNum C\strolastrolmageJ SWASP12. SR 2013_01_26\Raw Science Files\ @ | WASP-12b_* fits =" 230

Filename Number Filtering

[] Enable Min ) 5| Ma 000000 = P-12b_* fits 230

Calibration Processing sections

Set up Bias, Dark and Flat sections as below. The Directory entries are identical and a one-time
setting, assuming no changes in the Calibration folder structure.

Unprocessed calibration fitsfiles:  ..\Calibration Files\

Processed master fits files: ..\Master Calibration Files\

2. Filename/Pattern wildcards are generated by clicking on the right-hand folder icon & and
selecting a file appropriate to that section; example files are bias_00106.fits, dark_00150.fits or
flat_r_00002.fits. Note that AlJ has detected 11 of each fits file type in the common Calibration
Files folder.

3. Enter master filenames m_bias.fits, m_darks.fits and m_flat_r.fits in the respective fields.

Bias Subtraction

Build O ave (@ med \Calibration Files\ @ bias_*fits o 1

Enable WMaster Calibration Files\ aF 'm_bias fits - 0
Dark Subtraction

Build Oave @ med \Calibration Files\ @& dark_*fits -] 1

Enable scale [/] deBias WMaster Calibration Files\ & 'm_darks fits - 0
Flat Division

Build O ave @ med \Calibration Files\ b fatr_*fits =] "

Enable [ remove Gradient WMaster Calibration Files\ &b m_flat_rfits - 0

4.3.3. Save Calibrated (Reduced) Images

In the Save Calibrated Images section, enter Sub-dir: ‘Reduced Science Files’ and Suffix: *_bdf’.

Save Calibrated Images

Enale O @32 Sub-dir: Reduced Science Files Suffix:|_bdf Format [OeziP [JFPACK

Processed FITS filenames are appended ‘_bdf’ and saved to a sub-folder in Raw Science Files:
\\Raw Science Files\Reduced Science Files.

4.4.Run Science Image Reduction
The next figure shows the CCD Processor window prior to running image reduction on 230 raw
science files.

Directory entries are based on a single Calibration folder containing bias, darks and flat files. The
median-combined calibration files are saved in a Master Calibration Files folder.

Plate Solve (ANSVR) has been disabled, and Target and Observatory are as specified in the DPCC
window.

The Processed / Remaining counts in the bottom right corner provide a running tally of processed
science files.

1. Click [START] in the Control Panel at the bottom of the CCD Data Processor. A Log window
opens, with a running record of each image process. Refer to the log for details.
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DP CCD Data Processor - ml X
File Preferences View
Control Options Directory Filename/Pattern Totals
Science Image Processing
Filename Pattern Matching
Enable [ SortNum C:\Astro\AstrolmageJ SWASP12.SR 2013_01_26\Raw Science Files\ (@ WASP-12b_*fits ="l 230
Filename Number Filtering
[ Enable Min 0S| Max 1000000000 = WASP-12b_* fits 230
Bias Subtraction
[ Build Oave @ med _\Calibration Files\ @ vias_*fits =} 1
[“] Enable _\Master Calibration Files\ (@ 'm_bias fits =] 0
Dark Subtraction
Build Qave @ med ACalibration Files\ (@b dark_*fits =] 1
Enable [/ scale [/ deBias \Master Calibration Files\ (@l |m_darks fits =] 0
Flat Division
Build Qave @ med \Calibration Files\ (@ fat_r_*fits =] 1
Enable  [] Remove Gradient \Master Calibration Files\ (@ | m_nat_rfits =] 0
rImage Correction
[[] Enable Linearity Correction New pixel value = ).0E0 + 1.0E0 | * (PixVal) + 0.0E0 5 | = (Pixval)* + 0.0E0 ; | * (Pixval®
[J Remove Outliers Bright Dark Radius 2 50 =
FITS Header Updates
Target Coordinate Source Observatory Location Source
Errel (MRS ‘¢' 1%! Coordinate Converter manual entry ~ || Coordinate Converter manual entry v
r Save Calibrated Images
Enable Q1. @32 Sub-dir Reduced Science Files Suffix:|_bdf Format. [JGzir [JFPACK
Post Processing
CIm-Ap [ save Image B | Omacro 1 |CiUsersieety - 0
M-Plot Save Plot B | OMacro2 |Causersiriee\ - 0
r Control Panel
Polling Interval X
® % Processed: 0
ok o8 & 7 START PAUSE RESET e o

When processing is finished, the master calibration file totals should equal 1, confirming that
master bias, darks and flats files were compiled. Uncheck the ‘Build’ check boxes (3) to prevent
AlJ re-building these files in any subsequent runs.

Move the Reduced Science Files folder up one level as below:

From:

To:

A\WASP12.SR.2013_01_26\Reduced Science Files

A\WASP12.SR.2013_01_26\Raw Science Files\Reduced Science Files

230 items

Reduced Science Files

'WASP-12b_00043_bdf fits

| & = | C\Astro\Astrolmage) S\WASP12.5R.2013_01_2... - O X
Home Share  View (7]
« v 1 « Ra.. > Reduc. v O 2 Search Reduced Sci..
~ | WASP12.5R2013.01_26 A Name - ~

Calibration Files WASP-12b_00040_bdffits

Master Calibration Files WASP-12b_00041_bdffits

~ Raw Science Files WASP-12b_00042_bdf fits
v

>

:

| & = | C\Astro\Astrolmage) 5\WASP12.5R.2013_01_2...
bome store view
« v P « WA.. > Reduc.. v O
v ‘WASP125R.2013_01_26 ~ Name

Calibration Files
Master Calibration Files
Raw Science Files

Reduced Science Files

230 items

o

Search Reduced Sci...

~

E wasP-12b_00040_bdf fits
WASP-12b_00041_bdf.fits
WASP-12b_00042_bdf.fits

EE \ACD 19 ANNAL ket fire

X

~

WASP12.S5R.2013_01_26 folders

before and after moving the Reduced Science Files up one level.
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5. Astrolmage] Photometry

5.1.Import Image Stack

1. Open All and from the toolbar, select File | Import | Image Sequence ... to open the Import
Image Sequence dialog. Ensure the ‘Use virtual stack’ check box is selected.

2. Click [Browse] navigate to and select the folder containing the reduced WASP12 images:
A\WASP12.SR.2013_01_26\Reduced Science Files (Matched files = 230).

Click [OK] to close the dialog. An Image Viewer window opens displaying the first WASP12 image
(WASP-12b_00040_bdf.fits). Note the yellow N-E pointers indicate this is a plate-solved image.
Refer to chapter 5 in ref [4] for a more detailed description of available functions in this window.

B8 Reduced Science Files (V) (13.9%) - o] X

File Preferences Scale View Annotate Measure Edit Process Color Analyze WCS
1/230 (WASP-12h_00040_hdf fits); 4096x4096 pixels; 32-hit, 14.4GB (WCS=RA-SIP,DEC-SIP, TAN,CD matrix)

ImageJ X: 4586.9577  ImagelY: 3,475.8310 Value: 0.0000
RA:| 06:29:28.180 DEC:| +29:49:42.98 Peak: 0.0000
FITS X: 4,587.4577 FITSY: 620.6690 Int Cnts: -7.374966E-12

32 2% EReE FRAX W

o ]

{

A
[79.736.4600 [min 1,020.6540[ black mean:1,217.2310 white:] _ 2,003.5390 max| 688,091.3125|
__E s ==————
3. Select View then the appropriate Invert ... option to orientate image N-E up and left as above.
5.2. Configure Multi Aperture Measurements

This section covers one-time set up of the complex Multi-Aperture window. One-off configuration of
this window may be moved to Appendix A in updates to this Guide.

1. Inthe Image Viewer toolbar, click “® ‘perform multi-aperture photometry’ to open the Multi-
Aperture Measurements window and configure as indicated in the highlighted sections.
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Firstslice 4| ] 1

Last slice Ll J_>| 230

Fixed/Base radius of photometric aperture < | | T

Fixed/Base radius of inner background annulus ¢ | | 2l 29

Fixed/Base radius of outer background annulus 4 | | 4

l | (®) Fixed Apertures as selected above

(O Auto Fixed Apertures from firstimage T1 radial profile Normalized flux cutoff threshold: 0.01% (0 <cutoff < 1; default=0.010)
(O Auto Fixed Apertures from multiimage T1 radial profiles ~ Normalized flux cutoff threshold: 0.01- (0 < cutoff < 1; default=0.010)
() Auto Variable Apertures from each image T1 radial profile Normalized flux cutoff threshold: 0.01% (0 < cutoff < 1; default = 0.010)

| O Auto Variable Apertures from each image T1 FWHM FWHMfactor: < | ol 14

[] Use previous 16 apertures (1-click to set first aperture location)

[] Use RA/Dec to locate aperture positions

[]Use single step mode (1-click to set first aperture location in each image)

[] Allow aperture changes between slices in single step mode (right click to advance image)

[] Auto comparison stars Enable log Show peaks
Smoothing Filter Radius 35 7| pixels
Auto Thresholds Max. Peak Value 58,540.10 - Min. Peak Value .
Base Aperture 1= Max. Comp. Brightness % 150.0 = Min. Comp. Brightness % =
Weight of brightness vs. distance % 50.0 - Max. Comp. Stars 1255
[] Centroid apertures (initial setting) | [] Halt processing on WCS or centroid error
Remave stars from background [] Assume background is a plane

] Prompt to enter ref star apparent magnitude (required if target star apparent mag is desired)

[] Update table and plot while running Show help panel during aperture selection

CLICK 'PLACE APERTURES'AND SELECT APERTURE LOCATIONS WITH LEFT CLICKS
THEN RIGHT CLICK or <ENTER=> TO BEGIN PROCESSING.
(to abort aperture selection or processing, press <ESC=)

Place Apertures Aperture Settings Cancel

Multi-Aperture Measurements configured for radec Apertures

Highlighted settings
e Aperture radii imported from Seeing Profile window (section 5.4).
e Fixed Apertures located at radec coordinates (on plate solved images)
e Disable option for Auto comparison stars
e Centroid apertures and remove stars from background (see tooltips)

e Green highlighted settings are optional
2. Click [Place Apertures] to save changes and close this window.

3. Click % ‘clear apertures ..’ in the Image Viewer toolbar and close the Multi-Aperture Help
window.

5.3.Visual Inspection of Image Quality

The image stack can be inspected by either manually stepping through the stack or running an
animation.

1. Use the scroll bar controls highlighted below to inspect individual images.

2. Click the Play icon > -, left of the scroll bar, to start / pause image animation. Right click on this
control to set animation speed and other options.
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3.

. . iz . . .
To remove an image from the stack, click , left-most icon. Note: this function only removes
the image from current photometry stack. The FITS file is not deleted from the Reduced Science

Files directory.

5.4.Photometry Measurement Apertures

5.4.1. Setaperture sizes

1.

2.

@
Click =t/ ‘change aperture settings’ to open the Aperture Photometry Settings window.

Enter 20, 24 and 30 in the top three aperture and annulus fields. The exact values are not critical
but the object aperture must be large enough to fully enclose the image of a single star. Click
[OK] to close this window.

Click toggle aperture display O as necessary so that the “Live Photometer” is a single circle
overlay as shown below.

Alt-Left click on a bright non-saturated star image — the star highlighted in the Image Viewer in
section 5.1 is a good candidate. The Seeing Profile for the selected star opens in a new window

Image: WASP-12b_00040_befffits
FITS Center: (2400.56, 2086.21)
FWHM: 12.36 [pixels] : 4.76 [arcsec]

a
° e SOURCE BACKGROUND

Normalized Profile

|
|

HWHM Radius Batk= <Back

618 17.00 30,00 45.00

0 10 20 30 40

Radius [pixels]

ﬁm Save Aperture
Object aperture (R = 20) enclosing a non-saturated Seeing Profile window
star image FWHM = 12.36 [pixel] 4.75 [arcsec]

Apertures =17 | 30 | 45

Click [Save Aperture] in the Seeing Profile window to import these aperture sizes.

[
Click in the Image Display window to open the Aperture Photometry Settings window and
confirm that aperture sizes are now 17 | 30 | 45. Click [OK] to close the Aperture Photometry
window

In the Image Viewer, click % ‘clear apertures ..” to clear any overlays.

Click © to display sky background apertures. The group of toolbar aperture buttons should all
be depressed as shown here:
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Ol Bl

5.4.2. Importradec apertures

1.

Nov-2022

In the Image Display window, select File | Import apertures from RA / Dec list .., navigate to and
select .\radec\wasp12.SR.025.radec.txt. AlJ imports and overlays the WASP12 image with the

. . . d . . .
APASS set of apertures saved in section 3.3. Click =% ‘zoom to fit ..." to re-centre the image in

the Viewer.

B Reduced Science Files (V) (16.0%) — O X

File Preferences Contrast View Annotate Measure 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: 1,128.3242 Imaged Y. 3,187.8654 Value 1,201.6687
RA:| 06:31:10.438 DEC:| +29:47:52.40 Peak 1,828.7800
FITS X 1,128.8242 FITSY 908.6346 Int Cnts: 44.173.0315

FEEREE 3% @CeeE /AW

®C12=11.974

-13=11.319

> ] o
28559.8 -21612.6 -14665.4 -7718.2 -1502.3 %13 5 105638 171454 237269 303085 36890.0 43471.6 500532 566347  65044.5
-ty
[28559.8926  |'min [ 1,083.5867|black mean: 1,217.2019 white:[ 3,872.4067 max 65,044.5547

In the Image Viewer toolbar, click O ‘perform multi-aperture photometry’ to open the Multi-
Aperture Measurements window.

Click [Place Apertures] to close this window. In the Image Viewer, the aperture overlay is
highlighted and measurement apertures are locked to object centroids.
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. Reduced Science Files (V) (16.0%) — O X

File Preferences Contrast View Annotate Measure Edit Process Color Analyze WCS
1/230 (WASP-12b_00040_bdf fits); 4096x4096 pixels; 32-bit (inverting LUT); 14.4GB (WCS=RA-SIP DEC-SIP, TAN,CD matrix)

ImageJX:|  1598.0489 ImageJY:| 35511193  value:| 1,241.7013
RA| 06:30:56.588 DEC:| +2050:1257|  Peak | 1,303.0760
FITSX:| 15985489  FITSY: 5453807 IntCnts:| 1,229.6408

R MEEEEEL %Y FeneE 222V

@®C11=11629, 84E5

@ . A ®c10DT 55 13th T 1ES
. @®C16=11869, Tt

.

' C5=11554, 1 0E6
@C12=11.159, 14E6 1

@C2=11983,6 9E5

SRR @C9=11.268, 1.3E6
! @C3-11381,12E6
@®C13=11974, 6 9E5 @®C4=11.773, 8 2E5

@®C7=11.892, T4E5

@®C8=11.901, 75E5
p : , ®C6=11775, 8 5E5

o .@C14=11.319, 1.3E6
@®C17=12.04,54E5 Aelies

[28550.8926  [min 1,083.5867 [black mean:1,217.2019 white: 3,872.4067 max: 65,044 5547

Aperture overlay after [Place Apertures] in Multi-Aperture Measurements
Negative image to enhance faint details
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5.4.3. Remove an aperture from radec set

This is an optional section to demonstrate deleting one aperture from the radec set. In
Comparison aperture C10, there is a faint background object that extends into the object
aperture.

=t 1
R

(@)C10=11.831, 78E5 !

% Faint background object

extending into object aperture

\\ ‘\I
)

JCIO:HSE-I,TSES

1. Open Observation Planner | Catalogs tab (AlJ toolbar => Plugins => Astro Apps => Run Planner
=> App => Catalogs), click [Import Radec File] and open wasp12.SR.025.radec.txt. The data
table should be populated with coordinates for TO1 to C17 apertures with two rows de-
selected.

2. Uncheck ‘USE’ for Ap C10, aperture numbers for rows that follow update automatically as
below.

06300448 +29495088 06:30:04.48 +29:49:50.88
c11 06301904 +29513387 06:30:19.04 +29:51:33.87 11.629 0.062 0.229 11.62 4 V]
c12 06312367 +29441027 06:31:23.67 +29:44:10.27 11.159 0.058 -0.241 11.69 7 ]

06300448+29495088 06:30:04.48 +29:49:50.88
c10 06301904+29513387 06:30:19.04 +29:51:33.87 11.629 0.062 0.229 11.62 4 (V]
c11 06312367+29441027 06:31:23.67 +29:44:10.27 11.159 0.058 -0.241 11.69 7 v]

Change in table row numbering after de-selecting C10 in upper figure

3. Click [Save Radec File] to over-write wasp12.SR.025.radec.txt. To check, click [Clear] then
[Import RaDec File] and confirm changes.
% .

4. Inthe Image Viewer, click clear apertures and annotations from overlay’.

Import radec apertures wasp12.SR.025.radec.txt and confirm aperture marked C10 in the above
figure has been removed from the aperture set.

5.5.Run AlJ Photometry

This section covers short form instructions to run AlJ photometry. The section assumes:

e Aperture file: wasp12.SR.025.radec.txt has been saved using the Observation Planner plugin
(section 3.3.2),

e Reduced Science Files folder contains processed fits files (section 4)

e  Multi-Aperture window is configured as section 5.2,

e Avisual check was made of the image stack (section 5.3), and

e Aperture set reviewed and changed as necessary (section 5.4.3). Aperture set C2 — C10 used
for Multi-plot charts and transit fit (sections 6 and 7):
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coz2
co3
co4
cos
coe
co7
cos

co9

Objectld

wasp12
06303279+29402033
06303188+29422730
06304827+29393591
06305007+29385436
06302262+29444221
06302000+29330320
06295778+29380133
06305893+29342229
06304354+29493334
06300448+29495088
06301904+29513387
06312820+29385229
06301214+29284998
06295591+29501979
06294772+29490762
06310779+29280862

Ra2000
06:30:32.80
06:30:32.79
06:30:31.88
06:30:48.27
06:30:50.07
06:30:22.62
06:30:20.00
06:29:57.78
06:30:58.93
06:30:43.54
06:30:04.48
06:30:19.04
06:31:28.20
06:30:12.14
06:29:55.91
06:29:47.72
06:31:07.79

Dec2000
+29:40:20.26
+29:40:20.33
+29:42:27.30
+29:39:35.91
+29:38:54.36
+20:44:42.21
+29:33:03.20
+29:38:01.33
+29:34:22.29
+20:49:33.34
+29:49:50.88
+29:51:33.87
+20:38:52.29
+29:28:49.98
+29:50:19.79
+29:49:07.62
+29:28:08.62

Mag
11400
11415
11.983
11381
1773
11.554
1775
11892
11.901
11723
11831
11.629
11.974
11319
11.947
11.869
12040

Mag Er  Mag diff

0.000
0.070
0.081
0.058
0.060
0.080
0.077
0.082
0.061
0.066
0.083
0.062
0.054
0.082
0.083
0.090
0.057

0.000
0.015
0.583

-0019

0373
0.154
0373
0492
0.501
0323
0431
0.229
0574

-0.081

0.547
0.469
0.640

Dist

0.00

0.00

213

344

4.02

4.89

7.80

7.95

824
951
1132
11.62
1212
1235
12.80
1315
1437

Nobs USE
1

N R R I S VRS

~

Apertures C2 — C10 in Planner | Catalogs Tab

Aperture overlay in Al) | Image Viewer

Open AlJ and from the toolbar select File | Import | Image Sequence ..., navigate to and open
the WASP12 Reduced Science Files folder. Confirm there are 230 matched files and click [OK] to
close window. The Image Viewer opens with the first reduced science image.

Alt-left click on the image of a non-saturated star (section 5.4) and click on [Save Apertures] in

the Seeing Profile dialog to import the recommended aperture sizes (17 | 29 | 44).

Close Seeing Profile dialog and clic

KD

to clear aperture and annotation overlay.

Import radec file wasp12.SR.025.radec.txt and oL , zoom to fit image to window.

@
Click =, confirm aperture radii same as above, then click [Place Apertures] to close window

and return to Image Viewer. The apertures are highlighted and locked onto the object centroids.

A Multi-Aperture Help window opens.

To ensure Image Viewer is active, click on the title bar, then press [Enter] to start All time

resolved photometry processing. If the Multi-Aperture Measurements | Update and plot while

running check box is selected, then several windows open:

e Plot of Measurements: plots relative flux and other parameters during processing.
e Measurements window: displays a table of photometry results.
Note: Apertures track frame-to-frame shifts in star centroids including image rotation after a

meridian flip.

When processing is complete, select Measurements | File | Save As ..., navigate to
WASP12.SR.2013_01_26 folder and save as ‘Measurements.tbl’.

Note: Measurements.tbl can be opened as a tab-delimited text file in Excel or other spreadsheet

software. The file comprises a header row then a data row for each image in the image stack
(230 data rows for WASP12 data set).

Nov-2022
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6. Astrolmage] Multi-Plot

The following four setup windows plus graphic window make up All Multi-plot (MP):

Window Function

Multi-plot Main Sets number of plots, plot titles and scales; user sets markers
for transit-based normalisation and optional data exclusion

Multi-plot Y-data Individual plot settings with de-trend and fit mode options

Data Set Fit Settings Window accessing 7 term transit fit settings

Plot of Measurements Time-based plot of transit and related data

MP Reference Star Settings AlJ recomputes photometry results when user changes

aperture selection [1]

[1] The Multi-plot Reference Star Settings window is not covered in this Guide

The next sections walk through transit fit and other data plot setups. These instructions refer to
two plot configuration files: ‘wasp12_transit_amass_sky.plotcfg’ and
‘wasp12_transit_comp_amass_sky.plotcfg’.

Download the plotcfg files from the BAA website (LINK_TBD), create sub-folder: .\Astrolmage)
5\plots and save the files in this folder.

6.1. Open Al] Plot Windows

1. If Allis open, close then re-open and click @ ‘MultiPlot Tool’ - several Multi-plot windows open.

2. Locate the Multi-plot Main window, select MP Main | File | Open table from file ... to open a
dialog titled Select measurement table. Navigate to and open WASP12 measurements.tbl.

3. In MP Main, select File | Open plot configuration from file.. to open dialog, navigate to the plots
folder and select ‘wasp12_transit_amass_sky.plotcfg’.

4. In MP Main | Other Panels, click [Ref. Stars] to open the Multi-plot Reference Star Settings
window (shown below) and close this window.

H

| | Select reference stars to indude in tot_C_cnts and rel_flux calculations

| Show Magnitudes Hide Magnitudes

Reference Star Selection

None Al Save Recall Cyde Enabled Stars Less One Cyde Individual Stars

T1 C2 Cc3 C4 C5 C6 C7 C8 cs C10
[ =
11,983 11,381 11.773 11.554 11.775 11.892 11.901 11.831 11.947
Green checkbox border - aperture peak count under linearity limit

Yellow checkbox border - aperture peak count over linearity limit

Red checkbox border - aperture peak count over saturation limit

Save/Show Current Configuration
Save Table Save Apertures Send to Multi-aperture Show Apertures

6.2. Multi-plot Main

The following figure shows the Multi-plot Main window configured for 5 Y-datasets and 1 Detrend
variable.
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B Multi-plot Main — ] X
File Preferences Table A-axis axis Help
- Data (M ts.tbl)
Default X-data Y-datasets Detrend Vars Rel. Mag. Reference V. Marker 1 A Copy V. Marker 2 [A]
BID_TDB v 5.5 sets = 10 -5 samples 0585 NP | = 0.705 5
Title Subtitle Legend
(C) None (@) Custom (O None (@) Custom Align: (O)Left (@) Center (O)Right 2N
WASP12 on UT2013-01-27 UofL MORC24 Telescope (SR filter, 100s, ap 18 | 31 | 46) Position
v v y
Top Middle Bottom || Top Middle Bottom || Top Middle Bottom
v v v
Left Center Right Left Center Right Left Center Right
[ X-Axis Label Y-Axis Label — Trim Data Samples
(O None (@ Column Label (7) Custom Label S5/ || O None @ ColumnLabel (O Custom Label oY Head (1=
Tail (=
X-Axis Scaling Y-Axis Scaling Plot Size
(@) Auto X-range () First X-value as min () Custom X-range (O Auto Y-range (@) Custom Y-range
QQZD X-width 0.3:5  X-max (1= Eﬁ) Y-max 1025 Height 1,000 1%
Xx1E 03 @—OD X-min ofs{||Yx1E 0 Y-min 0.9 % Width 800 5
Phase Folding
TO (Days) Period (Days) Duration (Hours!
(@) Unphased (O) Days Since Tc () Hours Since Tc () Phase o 1 3= 2 | | oddjeven
Meridian Flip Fit and Normalize Region Selection Other Panels
Show Flip Time Show Left Trim Left Copy Right Right Trim Redraw Plot Add Data
O 0.6 = %) O 0.3 % 0.585 2| |alls 0.705 -2 0.9+ o s
Data (Measurements.tbl)
-Data (Measurements.tbl)
Default X-data Y-datasets Detrend Vars Rel, Mag, Reference V. Marker 1 [A] Copy V. Marker 2 [A]
81D_TDB v 5 5isets = 10 - samples 0.585 2| WF & 0.705 =
Default X-data TDB-based barycentric Julian Date at the mid-point of the exposure.
Y-datasets 5 plots, comprising 2 transit, airmass and sky plots, and a blank dataset
Detrend vars  Single detrend (by airmass), note no meridian flip in this dataset
V-Markers User-sets these markers at transit ingress and egress.
Title and Subtitle
As shown in main figure.
Axis Scaling and Plot Size
X-Axis Scaling Y-Axis Scaling Plot Size
(@ Auto X-range () First X-value as min (O) Custom X-range () Auto Y-range (®) Custom Y-range
@ X-width 0.34 X-max 0 @ Y-max 1.02 5 Height 1,000 =
XxE| 0k = X-min ole|lvxeEl off ¥-min 0.9.% Width 800 -2
X-Axis Scaling Auto X-range, sizes axis to span the entire time-based dataset.
Y-Axis Scaling Custom Y-range, scaled to fit plot legend, transit and other plots.
Plot Size Size of Plot of Measurements window (in pixel).
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Meridian Flip, Fit and Normalize, Other Panels

Meridian Flip Fit and Normalize Region Selection Other Panels
Show Filip Time Show Left Trim Left Copy Right Right Trim Redraw Plot Add Data
| 0.6 = 0 0.3 2 0.585 = | s 0.705 12 0.9 20 — ..

Meridian Flip  Not applicable for WASP12 dataset

Fit / Normalize Options to trim leading and trailing data, Left and Right Trim fields respectively, are

Copy

disabled in this figure. Click e to insert V-Marker values into the Left and Right
fields

Other Panels  Refresh plot and open other plot windows.

Note: It is easy to get lost in the myriad AlJ plot windows.
[Redraw Plot] refreshes the Plot of Measurements chart, and
[Y-data] accesses the Multi-plot Y-data window.

[Add Data] this function may corrupt measurements.tbl dataset - recommend to NOT use this
function

Menu Options
File Large number of plot configuration and other options
Preferences Uncheck ‘Use —wide—Y-data columns to fold Y-axis rows as in the next section.

Help Access a general multi-plot help window or a dialog displaying Data Naming
Conventions.

6.3. Multi-plot Y-Data

The following figure is a Multi-plot Y-data window in ‘folded’ state (see MP Main Menu Options)
with five data sets. Data sets 1 and 2 are transit plots, data sets 4 and 5 plot airmass and a sky-
related parameter. Data set 3 is currently unused and its plot check box is deselected.

“- Multi-plot Y-data - ] X
Dot e plot 220 X-data Ll V-data Ut Function Y-operand Color Symbol Lines ,iPel ST Leb
[]= & | defauit v 0O e v O [none v <| | biue et v O (H O nE
] default v O [relfwcr <] O [none - | red gt~ O 1B o[ sk
[0 & default v O ~| [ | none v v || red v||circle v [ 1k O 3145
il default v| [0 ARMASS ~ [0 none - v || gray vildot ~ O 1= O 312
E ] [ | default v [ | skyfPixel_T1 ~| [ | none ~ ~| black v X ~ O 14 O 3115
St | Mode Coemuent Datacet MogRet Mag | Rer Sl wemswi G (USRS e et D
]~ 2 - | ammass Y@~ o 2o 1= oF] O s % @ tegent
B - * | AIRMASS “|H~ O 20 1 Qo152 O 55 % @ & Legend2
off “lloff v O 20 12 0032 O 55 % @ ® Legends
off vlloff ~ O % 102 52l O 55 % A ® Legendd
El off 03 viloff v O 2 155 <l O 55 % 4 & Legends
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Multi-plot Y-data: Upper section

#= Multi-plot Y-data
et ol Pt Scale X-data miag Y
| default v O |rel_flux_T1 v
# default ol O [rel Tt %
O default v O v
] default v [0 ARMass v
E _"J [  default v [0  skypixel T1 v
Data Set Identifier common to upper and lower window sections
Plot Check box controls plot visibility
X-data ‘default’ is the Multi-plot Main | Default X-data (BJD_TDB in this example)
Y-data drop-down dataset selections of transit (rel_flux_T1), airmass and sky brightness

(Sky/Pixel_T1)
The right-side controls set plot colours and symbols. Input Average combines adjacent data to
reduce scatter, set to 1 in this example.

Multi-plot Y-data: Lower section

[)Sa:ta I-E:je Co:;?;:’ent D-:;rs“lt r:l:;nntif :::tg Pr?:f Scole  then Shift
EJ - |o.0001432 1 020 12 0
E’ Bl - |0.0001145 % | AIRMASS «|IIEA ~| O |20 12| 00152
off w 0 vl off ~ [ %0 1= -0.03 =
off 12 viloff v~ O % -10 12 25 2
El off v 0z vioff v [ % 1515 -40 2
Fit Mode Data Set 1; £2 ~ applies an AIRMASS detrend to the green shaded regions. This is

the out-of-transit baseline region defined by the Left and Right markers in the Multi-
plot Main window.

Data Set 2: == *| AIRMASS detrend and transit fit.

Other Data Sets are ‘off’.

25| opens the Data

Refer to the detailed tooltip for more details. A right-click on
Set Fit Settings window.

Trend Dataset Transit datasets (datasets 1 & 2) are ‘detrended’ by AIRMASS (i.e., each dataset is
divided by airmass)

Norm/Mag Ref Transit datasets are normalised to 1.0 over the baseline regions; see Fit Mode | Data
Set 1.

Page Rel, Scale, then Shift

Parameters to control plot placement and scaling. Transit data sets have Scale =1
and offset for visibility. Data sets 4 and 5 are checked ‘Page Rel’ to auto-scale and
offset towards the bottom of the chart. Refer extensive tooltips for details.

6.3.1. Add Comparison Star to Multi-plot Y-data

Example of adding rel_flux_C2 as new dataset 3 in the Multi-plot Y-data window.
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Data Set 3 - upper window settings

1. Click the Y-data control for Data Set 3 and select ‘rel_flux_C2’ from the drop-down list. If
necessary, select the Plot checkbox for Data Set 3.

2. Change dataset 3 to a distinctive colour and symbol, in this example, purple and circle as below.

Dataset 3 settings in the upper part of the folded Multi-plot Y-data:

D;:: ':;T Plot ::;; X-data if‘"::; Y-data | :'"':: Function Y-operand Color Symbol Lines A‘I;:::;e 5;";_ L;t';;
] A |defauit | O [emec B O = - </ [biue “faet ~] O 12 o | sz
o default o O [relfxm </ O [none v <|[red e O B Ol =
| 3 | (™ M defat v O | rel_fux_c2 ~| [ |none v v | purple v | circle v [ 1= | 31
[+ ]® default ol O |ammass v/ O |none v |/ gray vl[eget | O =l o =
El ] & | default v [ | skyPixelT1 v [ |none v~ ~ | black v||x ~ O 1= 0O 31

Data Set 3 - lower window settings

3. Data Set 3, Select Fit Mode L , Trend Dataset: AIRMASS and Norm / Mag Ref: = This
combination applies an airmass detrend then a linear fit each over the full data set.

4. Data Set 3, leave Scale = 1 but change ‘then Shift’ field to offset the plot, offset = -0.055 applied
below.

Dataset 3 settings in the lower part of the folded Multi-plot Y-data:

Data Fit Trend Trend Morm/ Out Page Out Bin Size Legend

Set Mode Coefficient Dataset Mag Ref Mag Rel Scale then Shift Bin (minutes) Type oL A
offv 0 v[/El~ O|(20 1fs o O 555 8 @ & Legend1
Bl ~ |0.0001145 > | AIRMASS v~ 0O 20 5 Q015 [0 555 % & & Legend2
|i| B ~|-0.000006: % | AIRMASS ~« I~ O 20 12 possE O 55> % @ ® Legends
off e vlloff v~ O |2 -10 |5 s O 55 % @ ® Legends
E’ off 0 vlloff v O|2 155 <« 0O 555 8 @ & Legends

5. To save the current settings, MP Main | File | Save plot configuration ..., navigate to the plots
folder and save as ‘wasp12_transit_comp_amass_sky.plotcfg’.

6.4.Fit Plot Settings

If the Fit Settings window is not already open, right-click on the data set Data Set 2 | Fit Mode icon

= o open this window. The Data Fit window handles a 7-parameter fit to the transit dataset. This
section covers the Plot Settings section, other sections are covered in a later section.

r Plot Settings

Line Color Line Width
Show Model [] Show in legend .4 o 2/~] [ Log Optimization
[ Show in legend Line Color Line Width Symbal Symbol Color Shift
Show Residuals 1] 0.025 =
E Show Error red e - dot ~ red 5 . —

Data Set Fit Settings | Plot Settings section

This section is configured to plot a transit model curve and residuals with error bars. Both plots are
red and the residuals are offset by -0.025.
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6.5.Plot of Measurements

The following Plot of Measurements displays two transit datasets (datasets 1 and 2), fit residuals
(dataset 3), the comparison star dataset added in section 6.2 (dataset 4). The bottom two plots,

airmass and SkyPixel_T1 show detrend and sky conditions respectively with arbitrary scaling. The
header identifies the dataset, any detrend applied (AIRMASS), rms and fit statistics as applicable.
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+ Plot of Measurements in Measurements.tbl —
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7. Transit Analysis in Astrolmage]

The figure below shows the full Data Set Fit Settings

window. The user inputs data into two fields in

the Orbital and Host Star Parameter sections. The Transit Parameters section handles a 7-parameter

fit to the airmass detrended transit photometry data. In this figure, the user has entered values for

the limb-darkening coefficients ul and u2. Locking t

hese parameters reduces the number of

independent fit variables to 5. Transit depth and timing parameters are listed in the ‘Calculated from

model’ row.
Il Data Set 2 Fit Settings — ] x
File Auto Priors
rel_flux_T1
User Specified Parameters (not fitted)
Orbital Parameters Host Star Parameters (enter one)
Period (days) Cir Ecc w (deg) Sp.T. Teff (K) 3K R* (Rsun) M= (Msun) p* (cgs)
o042 | & 0.0 = 0.0 | [cow v| s1s4|%‘ 0.326 [%| 1175 |%| r1s1[3] | o.9sels)
r Transit Parameters
[ Enable Transit Fit [] Auto Update Priors | Extract Prior Center Values From Light Curve, Orbit, and Fit Markers
Parameter Best Fit Lock Prior Center Use Prior Width Cust StepSize
Baseline Flux (Raw) | 0.154351329||:-> O | 0.154334041 :‘ O | 0.030866808 - O | 0.1[5
(Rpr.)2 0.012317934 5 [l 0.014311432 O 0.007155716 O 0.014311432 S
a/R, 3.261483230 | &) [ 3.314289633 = | [] 7204 O 10
Te 2456319.644655005 r,'-b O 2456319.645 :} O 0.015 :| O | 0.01 %
Inclination (deg) | a%mml@ O | 79.2 :‘ O | 15.0 :| O | 1.0 =
Linear LD ul 0.322000000 | ) [ izl 0O wi| O] 0.1
Quad LD u2 0.320011200 | B [ = | ] O [ 0.1
Depth (ppt) b t14 (d) t14 (hms) t23 (d) tau (d) p* (cgs) Rp (Rjup)
Cakculated from model [ 146 | |0.009 :||:| [ 0.12109 || 025418 | | 0.096132 | [ 0012454 [ | os4m | [ 127 |
Detrend Parameters
Use Parameter Best Fit Lock Prior Center Use Prior Width Cust StepSize
1 | ARmass vl u.uumunﬂ?sl@ O | 0.0 +‘ a | 10 5 O | 0.1 :|
Fit Statistics
RMS (ppt) chiz/dof BIC dof chiz
Fit Statistics [ 1osaoes | [ i7sesss | [ emaess || 24 [[ w39 |
Fit Optimization
Outlier Removal Comparison Star Selection Detrend Parameter Selection
o Clean H 0 | Exhaustive Optimize Start Max Detrend Pars.: 1% | Exhaustive Optimze V| Start
N x 0: 5 j | 0 | Iter. Remaining: N/A Min. BIC Thres.: 21 Iter. Remaining: N/A
Plot Settings
Line Color Line Width
[ Show Model [ Show in legend |red o | 2 ;“ [] Log Optimization
) [ Show in legend Line Color Line Width Symbol Symbol Color Shift -
[4 Show Residuals I show Error | = o et «| || red ~ 0.025 -2
Fit Control
Fit Update Options Fit Tolerance Max Allowed Steps Steps Taken
Fit Control [ Auto UpdateFit | Update Fit Now ] \ 1.0E-10 §| | 20,000 = 2351
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7.1. User Specified Parameters (not fitted)

Pea_seae s

r User Specified Parameters (not fitted)

Orbital Parameters Host Star Parameters (enter one)
Period (days) Cir Ecc w (deg) Sp.T. Teff (K) K R* (Rsun) M* (Msun) p* (cgs)
1.094 = 0.0 2 0.0 3 GOV 6154 = 0.326 1= 1175 = 1.181 = 0.959 -5

Orbital and Host Star Parameters can be imported from the NASA Exoplanet Archive:
https://exoplanetarchive.ipac.caltech.edu/.

1. Click this link to open the NASA Archive in default browser. Enter WASP12 in the ‘Explore the
Archive search field and click [Search] to open the WASP-12 Overview page.

2. Click on the WASP-12b Planetary Parameters link, locate orbital period P(days) = 1.0914, and
enter this value in the Fit Settings | Orbital Parameters | Period (days) field.

3. Inthe same web page, click on the WASP-12 Stellar Parameters link, locate the stellar radius

R*(Re) = 1.749, and enter this value in the Fit Settings | Host Star Parameters | R*(Rsun) field.

7.2. Transit Parameters

r Transit Parameters

Enable Transit Fit Auto Update Priors Extract Prior Center Values From Light Curve, Orbit, and Fit Markers
Parameter Best Fit Lock Prior Center Use Prior Width Cust StepSize
Baseline Flux (Raw) [ 0.154351329||:-:> ] | 0.154334041 - O | 0.030866808 - | | 0.1
(Rp,n'R‘)2 @ ] | :. ] | 0.007155716 :} 1 l 0.014311432 5
[emewse 0| 0| | o
Te [2456319.544655005||:—{> O | O | 015 5 O | 0.01 %
Inclination (deg) [ 39.834348800|@ O | 7.2 2 O | < O | 1.0 2
Linear LD ut ' 0.322000000 | ) 0322 O [ 1.0 ;} 0 I :]
Quad LD u2 0.320011200 | ) wsnls O | TIE ‘ 0 | 014
Depth (ppt) b t14 (d) t14 (hms) t23 (d) tau (d) p* (cos) Rp (Rjup)

Calculated from model 14.66 :.-:u:ejm [0.12100 | [oz5418 | [o0.006132 | [ 0012454 | [ osam | [ 127 |

LD terms ul and u2 can be imported from the EXOFAST - Quadratic Limb Darkening page:

https://astroutils.astronomy.osu.edu/exofast/limbdark.shtml

1. Click this link to open the EXOFAST applet in default browser. Select WASP12 and SDSS r’ from
the ‘Select Planet’ and ‘Band’ drop downs respectively and click [Submit Query].

2. Copy the computed LD values ul =0.322 and u2 = 0.320 into the respective (yellow highlighted)
Prior Center fields. If necessary, select both the Lock check boxes .

The bottom row lists parameters computed from the transit model, including transit depth = 14.7
ppt (part-per-thousand) and ingress-egress parameters t14 and t23. Refer tooltips for individual
parameter descriptions.
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Fit Settings | Fit Optimization | Comparison Star Selection
The Comparison Star Selection optimiser runs about 500 iterations, toggling comparison star

selection to find the best transit fit. For the WASP12 data set, starting with 9 comparison stars, fit

RMS reduces from 1.98 to 1.69 ppt by de-selecting C7, C9 and C10 from photometry analysis.

RMS (ppt) chi?fdof
[ 1.983703 || 1.757592 |

Comparison Star Selection
Exhaustive Optimize v Start

Reference Star Selection

None All Save Recall Cyde Enabled Stars Less One Cyde Individual Stars

C10

Tl C2 Cc3 C4 C5 C6 C7 C8 C9
( m | % | % | %% | %)% e ]| %

11.983 || 11.381 11.773 11.554 | 1.775 11.892 | 11.901 11.831 || 11947

Comparison Star Selection
Exhaustive Optimize ~ Start

Iter. Remaining: 0

Iter. Remaining: 0
RMS (ppt) chiz/dof Reference Star Selection
1ea29s ||| raosesy | |
Naone Al Save Recal Cyde Enabled Stars Less One Cyde Individual Stars

T1 C2 C3 C4 C5 C6 T7 C8 T9 T10
 ® | = |5 | % | |5 | )| oe]om

11.983 || 11.381 || 11.773 || 11.554 || 11.775 11.901

Comparison Star Selection

Multi-plot Reference Star Settings

Fit RMS before and after running Comparison Star Selection
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8. Summary

Observation planning stages are supported by the Planner java plugin. Planner assists with the
selection of suitable Comparison stars from either the VSP or APASS on-line catalogs, saving data in
radec format files to import into AlJ.

WASP12 fits files were used to walk-through each processing stage, starting with raw science files,
running AlJ image reduction and photometry through to plotting and computing transit fit results.
There is no meridian flip in WASP12 data set and airmass is the only detrend applied prior to a 7-
term transit model fit. If the host star limb darkening terms ul and u2 can be downloaded, the
model fit reduce to 5 terms.

Multi-plot is probably the most complicated part of using All. Plot configurations can be saved to
plotcfg files to assist plotting transit curves. A Practical Guide to Exoplanet Observing (Ref [2]) may
help with getting to grips with complex plot setup windows. A Practical Guide ... suggests some
alternative processing steps and covers a number of features not discussed in this Guide.

Where practical, one-off software setup procedures are moved to an Appendix to help clarify the
data processing sequence.

8.1. Astrolmage] v5

Version 5 was released in January 2022. Link to All forum is an overview of new features introduced
in this version: Al Forum

Functions to set variable apertures have been enhanced in AlJ v5. In non-crowded star fields,
variable apertures would be useful in cases where significant defocus occurs over an observation
session. AlJ v5 also introduces Auto comparison star option as an alternative to importing radec
coordinate based apertures covered in this Guide. These enhanced or new features can be accessed
on the Multi-Aperture Measurements window.

8.2. Observation Planner App

Note that the Planner app requires All 5 or later.
Depending on potential user interest, options to extend the app might include:

e Add an azimuth-altitude plot to assess object visibility

e Plot observing conditions, including sky brightness, telescope tracking, focus parameters etc.
extracted from the measurements.tbl file

e Import selected exoplanet and host star parameters from the NASA Exoplanet Archive

e Create BAA database output files, etc.

8.3.WASP104 Example Data Set
As a second set of example data, | hope to make available a set of WASP104 transit images. This
dataset includes a meridian flip midway through the transit and unsolved raw science fits files.

This dataset was imaged with a remote telescope on an equatorial mount hosted at ICAstronomy,
located in southern Spain https://www.icastronomy.com/. Equipment and observatory details are in

an Appendix. The data was processed with HOPS software and accepted for the ExoWorlds project in
2020 https://www.exoworldsspies.com/en/.
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Appendix A: Install Software
Install Astrolmagel v5 or later
Link to Astrolmagel installation packages:

https://www.astro.louisville.edu/software/astroimagej/installation packages/.

If not already installed, download Astrolmagel) 5.x windows x64 javal8

Index of /software/astroimagej/installation_packages

Name Last modified Size Description

3 Parent Directory

AstroImagel_installation linux.html 2022-06-16 91:39 5.7K
AstroImagel_installation_mac.html 2022-01-85 93:40 59K
AstroImagel_installation windows.html 2014-12-07 01:23 54K
AstroImage]_script.tar.gz 2022-06-16 01:88 1.eK

AstroImage] v5.1.0.00 linux x64 javal8.tar.gz 2022-07-04 04:48 117M

AstroImage] v5.1.0.00 mac_intel javal8.dmg 2022-07-25 20:43  75M

IAstr‘oImage] v5.1.0.00_windows_x64_javal8.zip 2022-07-04 04:36 188M I

EI 0Older_versions/ 2022-07-26 13:51

Xresources 2014-12-07 17:49 412

Apache Server at www.astro.louisville.edu Port 443

To follow instructions in this guide, copy and rename the uncompressed Astrolmagel folder to:
C:\Astro\Astrolmagel 5.

Run Astrolmagel and, if the Astrolmage) Updater dialog opens, click [OK] to upgrade to ‘daily build’.
To check the installed version, open AlJ and from the toolbar select Help => About Astrolmagel ...
The About Astrolmagel dialog opens with installed version (5.1.3 at time of writing).

Setup Memory Allocation

Refer to the README.txt file in C:\Astro\Astrolmagel 5 for instructions on changing the physical
memory available to All.

Setup DP Coordinate Convert Dialog
In the toolbar, click ! DlD|, to open the CCD Data Processor and DP Coordinates Converter windows.

In the CCD Data Processor | FITS Header Updates section, set the Target and Observation Source
drop-downs to ‘Coordinate Converter Manual Entry’.

FITS Header Updates

[T Target COOTaNmatE Souree OBSETIvatory CoCaton Souree

General  []Plate Solve o | 7 | | coordinate Converter manual entry ~  Coordinate Converter manual entry M

The calipericon 7 toggles display of the DP Coordinate Converter window.

In the DP Coordinate Converter window, click on ‘Preferences’ menu header then check / uncheck
the Preference settings as below:
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? Coordinate Converter
File Preferences Network Help

& Show coordinates in sexagesimal format
C

L Use computer time zone, deselect to manually enter offset from UTC

Use 12-hour local clock format, deselect to use 24-hour format
¥ Show local twilight time, deselect for UTC format
Report 5585 as 'DOWN', deselect to show negative altitude

1 &  Show tool tips st

<

Use custom observatory fist (restart of AstroCC required)

"

Include proper motion correction
Include precession correction
Include nutation correction

Include stellar aberration correction

S BKE B B RS

Include atmosphenc refraction correction to altitude

T -

Notes:
e Uncheck the 2" item to manually enter offset from UTC,
e QOption to use either 12- or 24-hour clock formats
e Check the ‘Use custom observatory list (...) item.

To register menu selections, close and re-open the All toolbar, and click | to open the DP
Coordinate window. Confirm Preferences menu settings are as shown above.

In Observatory ID drop-down, select ‘Moore Observatory, UofL, RC24..." and set UTC offset = -5.
Repeat the same closing and open sequence and confirm Moore Observatory is the selected
Observatory ID.

Note: Astrolmagel has two nearly identical Coordinate Converter dialogs accessed from the
toolbar. Use the DP Coordinate Converter window, which links to the Observation Planner plugin
software.

Toolbar icon | All Toolbar Description Window Title USE ?
CCD Data Processor Tool ~* DP Coordinate Converter /
D:J ‘ File Preferences MNetwork Help

DP Coordinate Converter

Coordinate Converter Tool ~* Coordinate Converter X

‘ /? File Preferences Network Help

Coordinate Converter

Install Observation Planner_for_Astrolmagel

Link to GitHub online repository:
https://github.com/richardflee/observation planner for astroimagej

Follow instructions in GitHub README.md to download application jars
Navigate to Astrolmagel plugins folder and copy planner.jar in the plugins folder
Make a new sub-folder: \AstrolmageJ 5\plugins\Astro Apps and copy astro_plugins-1.0x.jar into this

folder (x is program version in range a to z).

‘ ‘ Folder or File ‘ Path Notes
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1 | Astrolmage) C:\Astro\Astrolmagel 5 Path referred to in
instructions

2 | planner.jar .\Astrolmage) 5\plugins AlJ plugins sub-folder
3 | astro_plugins-1.0a.jar | .\Astrolmagel 5\plugins\Astro Apps User creates sub-folder
Java install \Astrolmagel 5\jre\bin Java 18 or later

Confirm software install

Run Astrolmagel and from toolbar select Plugins => Astro Apps => Run Planner App. The following
message dialog should open stating that a new properties file was created in the Astrolmage) home
folder. The path to the properties file in this case is C:\Users\.astroimagej\All_Planner.properties.

Click [OK] to close the dialog box.

Message X

o Created new properties file:
C\Users\rlee1\.astroimagej\All_Planner.properties

oK

The Astrolmagel) Observation Planner window opens with default settings (see below). If the dialog
fails to open, please check paths to software items 1 - 4 in the installed software table.

Astrolmage) Observation Planner - 1.00a.06 - O X
Target Catalogs Qbserver
Catalog Query settings
StarAlt Plot - Starting night: 2022-10-15
ObjectlD  wasp 12
920
RA: 06:30:32.80 HH:MM:SS5.55 85
80
Dec: +29:40:2027 +DD:MM:S5.55
75
Fov:  60.0 arcmin 70
65
Limit:  15.0 mag
60
Catalog: VSP v . 55
g 50
Filter: | v v =
5 45
2
SIMBAD Data E
ObjectId: . s
RA: HH:MM:S5.55 Bl
DEC: DD:MM:S5.55 23
20
MagB: .
15
MagV: . 10
MagR: . 5
Magl: . 0
— T T T T T T T T T T T T T T T
12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 04 05 06 07 08 09 10 11
Local Site Time {hr)
- Civil Solar Times
SIMBAD Query Save Query Data Start Night: 15 October 2022
Sunset.  18:04 Twiknd: 33  TwiStart: 05:24 Sunrise  06:52

Astrolmagel) Observation Planner, default settings

Click the Observer tab and verify that Observer Location matches Moore Observatory coordinates.

44
Nov-2022 DRAFT



Observer Location Moore Observatory, KY
Latitude +38:20:41.25
Longitude -85:31:42.51
Altitude (m) 229

UTC Offset (Hr) -5

Download Plate Solving Software

Importing radec apertures for photometry processing requires astrometric or plate solved fits
images. On-line plate solving is relatively slow, and impractical for large images sets.

Two local plate solving options are:

ANSVR https://adgsoftware.com/ansvr/

Runs a local instance of astrometry.net plate solving, ANSVR is fully integrated into Astrolmagel.

- Integrated into CCD Data Processor
- Upto 20 GB download for small field of view
- Typical solve times ~ 5 — 8 s/image

ASTAP http://www.hnsky.org/astap.htm.

Runs as an Astrolmage) plugin, currently Windows only, possible future extension to Linux.
- Partial integration through AstrolmageJ plugin
- Database <1GB
- Typical solve times < 1.5 s /image
- GitHub online repository: https://github.com/richardflee/astap solver for astroimagej

Disclosure - | developed the ASTAP plugin in Oct 2022. The GitHub link points to instructions to
install software and documentation covering use with WASP12 image examples. ASTAP is a good
option for processing large numbers of images on an older PC and /or where disk space is at a
premium.

Download WASP12b example fits files

Download the uncalibrated example images
https://www.astro.louisville.edu/software/astroimagej/examples/.
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Index of /software/astroimagej/examples

Name Last modified Size Description
a Parent Directory -
E’:? README 2017-82-2@8 19:82 1.3K
ﬁ WASP-12b example_calibrated_images.tar.gz  2015-06-09 02:52 4.3G
ﬁ WASP-12b_example calibrated images.zip 2015-82-19 90:04 4.4G
ﬁ WASP-12b_example_raw_biases.tar.gz 2017-02-20 18:12 133M
ﬁ WASP-12b_example raw_biases.zip 2—67:92 136M
ﬁ WASP-12b_example_raw_darks.tar.gz 2017-82-20 18:14 135M
ﬁ WASP-12b_example_raw_darks.zip _07:95 138M
ﬁ WASP-12b_example raw_flats.tar.gz 2017-02-20 18:13 265M
ﬁ‘ WASP-12b_example raw_flats.zip _66:57 266M
ﬁ WASP-12b_example_uncalibrated images.tar.gz 2017-02-20 18:35 4.3G
ﬂ WASP-12b_example_uncalibrated_images.zip — 87:01 4.4G
@ standard_transit.plotcfg 2016-03-85 ©2:49 132K

Apache Server at www.astro.louisville.edu Port 443

Extract files to folders:
Raw science files:

Calibration files:

C:\Astro\AstrolmageJ) 5\WASP12.SR.2013_01_26\Raw Science Files
C:\Astro\AstrolmageJ) 5\WASP12.5R.2013_01_26\Calibration Files

I B ¥ = | C\Astro\Astrolmagel 5

Share View
€ oo

<« WA, » Calibr... -

images

jre

luts

macros

plugins

release_notes files

WASP12.5R.2012_01.26
Calibration Files
Master Calibration Files
Raw Science Files
Reduced Science Files

33 items

Astrolmagel 5 "

2 Search Calibration Files

Name

] bias_00100.fits
[ bias_o0101 fits
] bias 00102 fits
] bias_00103 fits
] bias_00104.fits
ias_00105 fits
[ bias_o0106.fits
] bias 00107 fits
] bias_00108 fits
] bias 00108 fits
] bias_00110.fits

P aann nnisn fic

I 4 + | C\Astro\Astrolmage) S\WASP12.5R 2013_01_26\Raw Science F...

Share View

Hame
« “ A4 | «WA. > RawS..
v Astrolmagel 5
images
jre
luts
macros
plugins
release notes files
WASP12.5R2013_01.26
Calibration Files
Master Calibration Files
Raw Science Files

Reduced Science Files

230 items

2 Search Raw Science Files

Name

[E5] wASP-12b_00040 fits
[ wasP-12b_00041 fits
[ wiasp-12b_00042 fits
[E5] waSP-12b_00043 fits
[ wasP-12b_00044 fits
[ wasp-12b_00043 fits
[5] wasP-12b_00046 fits
[ wasP-12b_00047 fits
] WASP-12b_00042 fits
[ WasP-12b_00049 fits
[ wasP-12b_00050 fits
P wacD_191 nnns1 e

[m]

X

Calibration files (bias fits listed)

Raw science files

Create two empty folders for processed fits files:

Master Calibration Files:

Reduce Science Files

Nov-2022
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Appendix B: Configure Astrolmage] Settings

Appendix A covers setting up Observatory ID in the DP Coordinate Converter dialog. This section
covers configuring Astrolmage) to process a sequence of science images.

Open AlJ, from the toolbar, open the CC Data Processor window. In the FITS Header Updates section,

click the spanner icon to open the General FITS Header Settings
FITS Header Updates

General [ Plate Solve 2 S 4 ‘
5. General FITS Header Settings — O x
rFITS Header Input Settings
Target Name Keyword: [TARGET
Target RA Keyword: OBJCTRA [] Degrees
Target DEC Keyword: |OBJCTDEC
Observatory Name Keyword: TELESCOP
Observatory Latitude Keyword: SITELAT [ negate
Observatory Longitude Keyword: SITELOMG [ negate
rFITS Header Output Settings
Target J2000 RA Keyword: | RAOBJ2K enable
Target J2000 DEC Keyword: DECOBJZK enable
Target RA Keyword: RA_OBJ enable
Target DEC Keyword:|DEC_OBJ enable
Target Altitude Keyword: ALT_OBJ enable
Target Azimuth Keyword: | AZ_CBJ enable
Target Hour Angle Keyword: HA_OBJ enable
Target Zenith Distance Keyword: |ZD_0BJ enable
Target Airmass Keyword: | AIRMASS enable
JD (UTC) start-0bs Keyword: | JD_S0OBS enable
JD (UTC) mid-0bs Keyword: |JD_UTC enable
HID (UTC) mid-0Obs Keyword: HJD_UTC enable
BJD (TDB) mid-0Obs Keyword: BJD_TDB enable
Observatory Latitude Keyword: | SITELAT enable
Observatory Longitude Keyword: SITELOMNG enable

Enable all the FITS Header Output keywords as shown. The important keywords are Airmass and JD-
based times, the others are informative.

The FITS Header Input Settings section is not used: Target and Observatory details are imported
from the DP Coordinate Converter window.

Close the FITS Header Settings dialog.

Click the Set icon in the Control Panel to open the first of two Aperture Photometry Settings dialogs.

Control Panel
Polling Interval
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% Aperture Photometry Settings X

Radius of object aperture 4[| 18
Inner radius of background annulus 4[| ] [28
Outer radius of background annulus | ] a2

[~ Use variable aperture (Multi-Aperture only)
FWHM factor (setto 0.00 for radial profile mode) «[ | [
Radial profile mode normalized flux cutoff  |0.010 (0 = cuffoff < 1 ; default = 0.010)

¥ Centroid apertures ¥ Use Howell centroid method [ Fit background to plane ¥ Remove stars from backgnd [~ Mark removed pixels
[¥ Use exact partial pixel accounting in source apertures (if deselected, only pixels having centers inside the aperture radius are counted)

[ Prompt to enter ref star absolute mag (required if target star absolute mag is desired)

Iv Listthe following FITS keyword decimal values in measurements table:

Keywords (comma separated): |JD_E‘vOES.JD_UTC,HJD_UTC,EJD_TDE,AIRMASS,ALT_OEJ,CCD—TEMP,EXPT\ME,F‘AOEJEK,DECOEJEK

CCD gain |1.250000 [e-fcount]

CCD readout noise  [9.000000 [e-]

CCD dark current per sec  (0.010000 [e-pivisec)

or - FITS keyword for dark current per exposure [e-/pix]

[ Saturation warning (‘Saturated’ in table) (red border in Ref Star Panel)...

for levels higher than  |55000

[v Linearity warning (yellow border in Ref Star Panel)...

for levels higher than |30000

OK | More Settings | Cancel

Aperture radius settings 16 | 28 | 42 are set in main text

JD-Keywords JD_SOBS, JD_UTC, HID_UTC, BJD_TDB

Exposure Keywords EXPTIME or EXPOSURE [1]

J2K Keywords RAOBJ2K, DECOBJ2K Target J2000 coordinates

Other Keywords AIRMASS, CCD-TEMP

CCD data CCD gain, readout noise and dark current, estimated values for Apogee
U16M CCD used to acquire WASP12 images [2]

[1] If the camera software saves exposure time with keyword EXPOSURE, then overwrite EXPTIME
with EXPOSURE in the list of keywords, as below.

Keywords (comma separated). [JD_SOBS.JD_UTC.HJ D_UTC,BJD_TDB AIRMASS ALT_OBJ,CCD-TEMP|EXPOSURE,RAOBJ2K,DECOBJZz

[2] Enter CCD values as shown:

CCD gain: 1.25
CCD readout noise: 9.0
CCD dark current 0.01

Close Al toolbar to register these settings, re-open Aperture Photometry Settings window and
confirm values have been retained.
Open the Planner plugin, select Obser tab and cross check with entries in Observer | Equipment

Details as shown.
Gain (e-/count): = 1.2500

Readout noise (e-/pix): 9.0

Dark current (e-/s/pix): 0.0100

In the Aperture Photometry Settings window, click [More Settings] to open the More Aperture
Settings dialog. Confirm that the only unchecked item is ‘Clear overlay before use’, all other items
are selected.
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", More Aperture Photometry Settings

i
¥ FITS Coords (X(FITS), Y(FITS))
¥ Source Counts (Source-Sky)
¥ Source FWHM (Width)

¥ Source Error (Source Error)**

¥ Relative Flux (rel flux)

Multi-Aperture settings:

¥ Object Aperture [ Sky Annulus

¥ Clear overlay after use

Select single aperture items to display in measurements table:

[¥ Slice Number (slice)
¥ 1J Coords (X(1J), Y(J))
¥ Source Peak (Peak)”

[¥ Time Stamps (JD UTC, etc)
v Aperture Radii
[ Source Mean (Mean)

[¥ Moment Widths (X-Width, Y-Width) v Orientation Angle (Angle)

[¥ Source SNR (Source SNR)**

Select Multi-Aperture items to display in measurements table:

¥ Rel. Flux Error(rel flux er)*

V¥ Always default Multi-Aperture first slice to slice 1
Maximum number of apertures perimage : (1000
Select aperture items to display (or clear) inimage overlay:

v Source Number W Value(s)

[~ Clear overlay before use

[¥ N Source Pixels (N Src Pixels)

W Rel. Flux SNR(rel flux SNR)*

(*to disable, Saturation and Linearity Warnings must be disabled in ‘Main Settings’ panel)
(**requires gain, readout noise, and dark current info in ‘Main Settings' panel)

Iv Allow leftiright double click for fast zoom-in/out (adds slight delay to aperture placement)

[¥ World Coordinates (RA, DEC)
[v Aperture variance (Variance)
[V Sky Background (Sky/Pixel)
[¥ Roundness (Roundness)

[¥ N Sky Pixels (N Sky Pixels)

¥ Total Comp Star Cnts (tot C cnts)

OK | Main Settings | Cancel

Astrolmagel saves the results of photometry analysis in the form of a data table saved in
measurements.txt file. Table data headers include:

Field Notes
1 EXPTIME / EXPOSURE Exposure time in seconds. [1]
2 JD_SOBS Julian Date at start of exposure
3 JD_UTC Julian Date at mid-exposure
4 Label FITS filename
5 N_Sky Pixels T1 No. pixels in T1 sky aperture (outer annulus)
6 N_Src_Pixels_T1 No. Pixels in T1 source aperture (centre aperture)
7 Sky/Pixel_T1 Sky background flux / pixel
8 Sky_Rad(Max) Sky annulus outer radius (pixel)
9 Sky Rad(Min) Sky annulus inner radius (pixel)
10 | slice Image stack index
11 | Source_Radius Source aperture radius (pixel)
12 | Source_SNR_C2 Computed SNR for first comp star
13 | Source_SNR_T1 Computed SNR for target star
14 | Source-Sky_C2 Sky-corrected flux for 1% comp star
15 | Source-Sky T1 Sky-corrected target flux
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Appendix X: UofL Moore and ICAstronomy Data Sets

Observer Location

Moore Observatory, KY

ICAstronomy, Oria

Latitude +38:20:41.25 +37:30:03.96
38.344791 37.5011
Longitude -85:31:42.51 -02:24:29.88
-85.528476 -2.4083
Altitude (m) 229 1180
UTC Offset (Hr) -5 (EST) +1 (CET)
Observer & Equip Details
Telescope Short Descript MORC24 ICA_CDK14
Telescope Full Descript. Moore Observatory ICAstronomy
24-inch Ritchie-Chretien 14-inch CDK
Aperture (mm) 600 355
Focal Length (mm) 4800 2470
Camera Apogee U16M CCD QSI683
Pixel Size (H) (um) 9.0 5.4
Pixel Size (V) (um) 9.0 5.4
Array Size (H) 4096 3320
Array Size (V) 4096 2500
All | Aperture Photometry
Settings
Pixel bin [1] 1x1 2x2
CCD gain (e-/count) 1.25 1.1[2]
CCD readout noise (e-) 9.0 8.0
CCD dark current 0.01 0.01
Data set WASP12B WASP104
Catalog APASS APASS
Filter SR (SDSS) V (Johnson)
Start Night 2013-01-27 2020-02-27
[1] QSI683 gain is bin size dependent
[2] QS1683 gain for 2x2 bin
Observatories.txt entries (see file header for data format):
Name Latitude Longitude Alt
Moore Observatory, UofL RC24, Brownsboro, KY | <t> | 38.344791 | <t> | -85.528476 | <t> 229.0
ICAstronomy, Oria <t> 37.5011 <t> -2.4083 <t> 1180
<t>=><tab>
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