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Prerequisites

To run HOPS properly you need:

* a computer with any of the major operating systems:
Windows, MacOS or Linux;

4 GB or more of available RAM;

4 GB or more of free disk space.



Python installation

If you have Python installed on your computer, you can
skip this step, otherwise:

* visit the Anaconda website
(www.anaconda.com/products/individual#download-section);

* choose the version you want to download depending on
your operating system (I suggest going for the Graphical
installers for version 3.8, version 3.7 has also been
tested);

 follow the on-screen installation instructions;

* (for Windows users) during installation be careful to
(next page):



http://www.anaconda.com/products/individual

Python installation

install Python for you only (as recommended);
use any destination that you prefer (if the default is not

suitable for you);

add python as a system variable (despite not being

recommended).

ar aca

Anaconda3 2019.03 (64-bat) Setup -_ X
Select Installation Type

Please select the type of installation you would like to perform for
Anaconda3 2019.03 (64-bit).

Install for:

@) Just Me (recommended)

_) All Users (requires admin privieges)

Anaconda3 2019.03 (64-bit) Setup - X

Choose Install Location

) ) ANACONDA Choose the folder in which to install Anaconda3 2019.03 (64-bit).

Setup wil install Anaconda3 2019.03 (64-bit) in the following folder. To instal in a different
folder, cick Browse and select another folder. Click Next to continue.

Destination Folder

C:\Users\J Anaconda3 Browse...

Space required: 3. 1GB
Space avaiable: 706.0GB

Anaconda3 2019.03 (64-bit) Setup —

) Advanced Installation Options

Customize how Anaconda integrates with Windows

Advanced Options

£ Add Anaconda to my PATH environment variable

[ Register Anaconda as my default Python 3.7

This will allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.7 on the system.,

Cancel




Python installation verification

This is an important step for Windows users, while no
problems are expected for MacOS and Linux users:

 open a Terminal (Command Prompt for Windows users);
* type

* check that the Terminal enters a python environment,
something like this:

Python 3.8.5 (default, Sep 4 2020, 02:22:02)

[Clang 10.0.0] :: Anaconda, Inc. on darwinType "help”,
"copyright", "credits" or "license" for more information.




Python installation verification

(for Windows users) if the command is not recognised
it means that python is not installed as a system
variable, you will need to:

a. close the Command Prompt;

b. add python to the system variables manually, as
explained in this webpage https://geek-
university.com/python/add-python-to-the-
windows-path/;

c. start the verification step again.



https://geek-university.com/python/add-python-to-the-windows-path/

Installing HOPS

To install HOPS:

visit the software webpage on GitHub
(github.com /ExoWorldsSpies/hops);

click on “Code” (green button), and on “Download ZIP”;
unzip the file "hops-master.zip";

double click on one of the “installer” files inside the
extracted "hops-master" folder, depending on your
operating system,;

after installation, an executable file named "hops" will be
created on your desktop, double-click on it to start HOPS.



https://github.com/ExoWorldsSpies/hops-3.0

Known issues

 For MacOS Mojave 10.14.6 users:
Tklner, the GUI backend used by HOPS, is not working

properly on this MacOS version, causing a user log out.
To solve this issue, you will need to either upgrade your
MacOS to Catalina or downgrade your Python to 3.7.0.



Reduction frames are important! Obtain them with extra care:

 Use the same camera temperature, binning and subframe as the science
frames.

* Obtain at least five bias frames (zero exposure, using a cover), and check
that there is no external light contaminating them.

 Obtain at least five dark frames (same exposure time as the science
frames, using a cover), and check that there is no external light
contaminating them.

 Obtain at least five flat frames (pointing to a uniformly illuminated

surface, with the counts at 2/3 of the full well-depth of your camera),

if your are using the sky, check that stars are not visible in your frames.

Do not apply any pre-processing (for example do not create master

frames) HOPS will create the master frames on the fly, and use them

appropriately.

DANGER

ZONE




Organise your data in a way that you can have easy access to them from
HOPS. The following strategy has been proven very convenient:

* Keep all scientific and reduction frames in one folder without subfolders.
« Use a specific identifier for the scientific frames, for example:
“WASP-10b-001.fits”, “WASP-10b-002.fits”, etc...
* Use a specific identifier for the bias frames, not containing the same
identifier as the scientific frames, for example:
“bias-001.fits”, “bias-002.fits” etc...
« Use a specific identifier for the dark frames, not containing the same
identifier as the scientific or the bias frames, for example:
“dark-001.fits”, “dark-002.fits” etc...
* Use a specific identifier for the flat frames, not containing the same
identifier as the scientific, the bias, or the dark frames, for example:
“flat-001.fits”, “flat-002.fits”etc...



Running HOPS



Main menu

The first window to appear is the main control window from where you can
initiate the different analysis steps. Some of them are mandatory so you will not
be able to proceed before completing them.

HOlomon Photometric Software

HOlomon Photometric Software
v3.0.0

Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras @star.ucl.ac.uk

UPDATES & USER MANUAL

MY PROFILE

Analyse your data step by step

1. ** SELECT DATA & TARGET ** You need to complete this step to proceed.

** mandatory step ** EXIT

Extra tools:

OBSERVING PLANNER



1. Select Data & Target

| NON } HOPS - Data & Target

[ JOX ] HOlomon Photometric Software

HOlomon Photometric Software
v3.0.0

UPDATES & USER MANUAL

MY PROFILE

our data step by step

** SELECT DATA & TARGET **

&H need to complete this step to proceed.

Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras@star.ucl.ac.uk

CHOOSE DIRECTORY

Name identifier for observation files

Name identifier for bias files
Name identifier for dark files

Name identifier for flat files

Bin fits files (reduced only)

Exposure time header keyword

opens

Observation date header keyword
(no JD, HID, BID)

** mandatory step ** EXIT

Extra tools:

OBSERVING PLANNER

Observation time header keyword

—)

Time-stamp
(which time is saved in your fits files?)

CHOOSE TARGET hh:mm:ss +dd:mm:ss
Observer
Observatory
Telescope
Camera
Filter default
RETURN TO MAIN MENU

Choose Directory

Show files
Autosave
bias
dark

flat

1

Show header

EXPTIME

DATE-OBS

TIME-OBS

exposure start

0 files found
you cannot proceed

10 files found - OK
5 files found - OK

10 files found - OK

Keyword not found
you cannot proceed

Keyword not found
you cannot proceed

Keyword not found
you cannot proceed

Wrong coordinates
you cannot proceed
OK
OK
OK

OK

Filter not valid
you cannot proceed



Select your data directory
a. Click on Choose Directory, a second window will appear.
b. On the second window, select the directory containing your data.
c. On the second window, click on Choose.

[ XOX ) HOPS - Data & Target

a CHOOSE DIRECTORY Choose Directory .l

q q q | 0 files found
Name identifier for observation files HAulosave ou cannot proceed E‘," 2016.08.10.wasp-1 Ob C Q
Name identifier for bias files Hbias
; B 2016.08.10.wasp-10b >
Name identifier for dark files \‘dark
‘ exoclock >
Name identifier for flat files Hﬂat 10 files found - OK
Bin fits files (reduced only) 1
Show header untitled folder >

Keyword not found

I
Exposure time header keyword HEXPTIME o ———

Observation date header keyword | " Keyword not found

(no JD, HID, BJD) HDATE OBS you cannot proceed
Observation time header keyword HTIME-OBS 5:3::;:01201;22223
Time-stamp

exposure start [V]
(which time is saved in your fits files?) P “

‘Wrong coordinates

CHOOSE TARGET hh:mm:ss +dd:mm:ss o e pn—
Observer H OK
Observatory H OK
Telescope H OK ...
Camera H OK
it default m Filter not valid

[~ you cannot proceed

RETURN TO MAIN MENU

Ct (g Choose |



Enter the name of your observation files

d. Click on Show files to see the files in your data directory on a second
window.

e. Type in Name identifier for observation files the identifier for your
observation files (i.e. the science frames).

Files list

| _NON ) HOPS - Data & Target in your directory:
.fit
.fit
> Lfit
WASP-10 b 004.fit
opens WASP-10 b-005.fit
WASP-10 b-006.fit
WASP-10 b-007.fit
WASP-10 b-008.fit
WASP-10 b-009.fit

CHOOSE DIRECTORY d  2016.08.10.wasp-10b.R

Name identifier for observation files ‘@.
[ —

246 files found - O

Name identifier for bias files bias 10 files found - OK WASP-10 b-010.fit
WASP-10 b-011.fit

Name identifier for dark files dark 5 files found - OK WASP-10 b-012.fit
WASP-10 b-013.fit

Name identifier for flat files flat 10 files found - OK WASP-10 b-014.fit
' = WASP-10 b-015.fit
Bin fits files (reduced only) 1 " WASP-10 b-016.fit

WASP-10 b-017.fit
WASP-10 b-018.fit
WASP-10 b-019.fit




Enter the name of your reduction files

f. Type in Name identifier for bias files the identifier for your bias files.
g. Type in Name identifier for dark files the identifier for your dark files.
h. Type in Name identifier for flat files the identifier for your flat files.

0@ Files list
bias-002bias.fit
| _NON ) HOPS - Data & Target bias-003bias.fit
bias-004bias.fit
b jas==B08hias.fit
f pbias-006bigk.fit
CHOOSE DIRECTORY 2016.08.10.wasp-10b.R o Cfit
fit
Show files -fit
.fit
i fit
246 files found - OK g it
fit

10 files found - OK dark-004dark.fit

- d3 ebdark. fi
5 files found - OK h fit
: Tyt at.fit

10 files found - OK flat-003flat.fit

flat-004flat.fit
flat-005flat.fit

Bin fits files (reduced only) 1 a

~~ . - flat-006flat.fit
flat-007flat.fit




You should not proceed without any reduction frames but there are cases

when is is unavoidable.

 If your observatory provides fully reduced data, you can safely proceed
without any bias, dark, or flat frames.

« If your observatory provides bias-subtracted data, you can safely proceed
without any bias frames.

« If your observatory provides bias- and dark-subtracted data, you can safely
proceed without any bias or dark frames.

Do not proceed if:
N you have raw data, dark and flat frames only. In absence of bias frames
your reduced images will be distorted.

you have raw data and flat frames only. Flat frames not corrected for bias
and dark will cause problems to your reduced frames.

DANGE
ZONE



Check your data
i. Check that files are found, you cannot proceed with O observation files
but you can with O bias dark or flat files (not recommended!).
j. Select whether you want to bin down the reduced images by selecting an
option from the Bin fits files drop-down menu (not recommended!).

[ NON | HOPS - Data & Target
CHOOSE DIRECTORY 2016.08.10.wasp-10b.R
Show files

Name identifier for observation files | WASP| 46 files found - OK

Name identifier for bias files bias 10 files found - OK
Name identifier for dark files dark 5 files found - OK
Name i1dentifier for flat files flat 0 files found - OK

Bin fits files (reduced only) J ( E

'a b | - |




second window.

246 files found - OK

10 files found - OK
5 files found - OK

10 files found - OK

Keyword found - OK

| _BON HOPS - Data & Target
CHOOSE DIRECTORY 2016.08.10.wasp-10b.R
Show files
Name identifier for observation files | WASP|
Name identifier for bias files bias
Name identifier for dark files dark
Name identifier for flat files flat
Bin fits files (reduced only) 1 v
k
Exposure time header keyword EXPTIME
Observation date header keyword DATE-OBS

(no JD, HID, BJD)

Keyword found - OK

Observation time header keyword l

Time-stamp

S . exposure start
(which time is saved in your fits files?) P

Keyword found - OK

opens

Enter your header keywords about time
k. Click on Show header to see the header of your observation files on a

| NON | Header keywords list
[ Keywords ¢ Vailues :

SIMPLE True

BITPIX 16

NAXIS 2

NAXIS1 1023

NAXIS2 1023

DATE-OBS 2016-08-10T719:14:48

EXPTIME 70.0

EXPOSURE 70.0

SET-TEMP -20.0

CCD-TEMP -18.38999958895147

XPIXSZ 14.8

YPIXSZ 14.8

XBINNING 2

YBINNING 2

XORGSUBF 0

YORGSUBF 0

IMAGETYP Light Frame

OBJCTRA 23 15 42

OBJCTDEC +31 29 37

A~ AAFA




Enter your header keywords about time

1.

O.

Type in Exposure time header keyword the header keyword indicating
the exposure time of each image.

. Type in Observation date header keyword the header keyword indicating

the date of each image.

Type in Observation time header keyword the header keyword indicating
the time of each image. If the observation date keyword contains both
the observation date and the observation time (for example
2016-08-03T19:08:10) then Observation time header keyword will be
deactivated.

Select the time-stamp of your data from the Time-stamp drop-down
menu. Usually, the time saved in the fits header represents the exposure
start time, but this may not be the case for you. Be careful to choose the
correct time stamp!

p. Check that the header keywords are all found, you cannot proceed

without these information.



| NON ) HOPS - Data & Target

CHOOSE DIRECTORY

Show files

Enter your header time keywords

2016.08.10.wasp-10b.R

Name identifier for observation files “WASP|

1246 files found - OK

10 files found - OK

5 files found - OK

10 files found - OK

Name identifier for bias files Hbias
Name identifier for dark files Hdark
Name identifier for flat files Hﬂat
Bin fits files (reduced only) 1 a

Show header
Gaeoss> 111

Exposure time header keyword

Observation date header keyword
(no JD, HID, BID)

Observation time header keyword @
(which time is saved in your fits files?) O a

Time-stamp

yword found - O

Keyword found - OK

word found - OK

| NON | Header keywords list
. Keywords Vaiues :

SIMPLE True

BITPIX 16

NAXIS 2

NAXIS1 1023

NAXIS2 II]-1023
:-1;@5!9:*:» 2016-08-10T19:14:48
e XPTIME 2 70.0

EXPOSURE 70.0

SET-TEMP -20.0

CCD-TEMP -18.38999958895147

XPIXSZ 14.8

YPIXSZ 14.8

XBINNING 2

YBINNING 2

XORGSUBF 0

YORGSUBF 0

IMAGETYP Light Frame

OBJCTRA 23 15 42

OBJCTDEC +31 29 37

A~ AAFA




Select your target

q. Click on Choose target, a second window will appear.

r. On the second window, select one of the three options. Option 1 will be
available only if the RA/DEC are included in the header of your images.
Option 2 will be available only if your computer is connected to the
internet, and the name that you will provide will be accepted only if it can
be resolved by SIMBAD. Option 3 will always be available, but you have to
provide the RA/DEC in the form hh:mm:ss +/-dd:mm:ss.

s. On the second window, click on Choose.

o0 @ HOPS - Data & Target ) O Select Target

CHOOSE DIRECTORY

Name identifier for observation files | WASP]|

Name identifier for bias files
Name identifier for dark files

Name identifier for flat files

Bin fits files (reduced only)

Exposure time header keyword

Observation date header keyword
(no JD, HID, BJD)

Observation time header keyword

2016.08.10.wasp-10b.R

Show files
246 files found - OK
bias 10 files found - OK O p e n S
dark 5 files found - OK
flat 10 files found - OK

1 v
Show header
EXPTIME Keyword found _

DATE-OBS

Keyword found - OK

<]

Wrong coordinates

hh:mm:ss +dd:mm:ss
you canno t procee d

Target RA/DEC:
Target Name:

Use the RA/DEC found in the file's header:

© Provide the name of the target:

Provide the RA/DEC of the target
(hh:mm:ss +/-dd:mm:ss):

How would you like to choose your target? Select one of the three options:

23:15:42.0 +31:29:37.0

wasp-10|

|

23:15:58.3005 +31:27:46.294
WASP-10 - Host of WASP-10b

Cancel S



Enter your personal and system information

t. Optional: Enter the name of the observer, the observatory, the telescope
and the camera. These are not necessary for the analysis but will only be
printed in the final image with the fitting results.

u. Mandatory: Choose the name of the filter used from the Filter drop-down
menu. 0o

CHOOSE DIRECTORY 2016.08.10.wasp-10b.R
Show files
Name identifier for observation files | WASP| 246 files found - OK
Name identifier for bias files bias 10 files found - OK
Name identifier for dark files dark 5 files found - OK
Name identifier for flat files flat 10 files found - OK
Bin fits files (reduced only) 1 v
Show header
Exposure time header keyword EXPTIME Keyword found - OK
Observation date header keyword DATE-OBS Keyword found - OK

(no JD, HID, BID)

Observation time header keyword Keyword found - OK

(which time i;rlsI::é(sit?r?l}Il)our fits files?) exposure start ﬁ
CHOOSE TARGET 23:15:58.3005 +31:27:46.294 Coordinates accepted - OK
WASP
Observer Angelos Tsiaras OK
Observatory Holomon OK
Telescope OK
Camera OK
Filter u OK




Proceed

[ JON ) HOPS - Data & Target
CHOOSE TORY 2016.08.10.wasp-10b.R
Show files
Name identifier for observation files WAS 246 files found - OK
Name identifier for bias files Ibias 10 files found - OK
Name identifier for dark files Ida.rk found - OK
Name identifier for flat files Iﬂat 10 files found™

Bin fis files (reduced only) 1 Return to the main menu

Show header ° °
Exposure time header keyword IEXPTIME Keyword found - OK Wlth Ou t S a-VIrlg th e Cu rre nt
Observ?;?gg?ﬁjlg?giﬁ)ﬁeyword IDATE-OBS Keyword found - OK O p ti O n S
Observation time header keyword II DATE-OBS Keyword found - OK :
(which time i;r ISI:\Z??;D }I')our fits files?) exposure start .
Saves the current options
CHOOSE TARGET 23:15:58.3005 +31:27:46.294 Coordinates accepted - OK .
WASP-0 - Host of WASP-108 and returns to the main
Observer IAngelos Tsiaras OK
Observatory IHolomon OK m e nu o
Telescope IC 11
Camera IATIK4000 OK

" ox Saves the current options
RETURN TO MAIN MENU and proceeds to the next
SAVE OPTIONS & RETURN TO MAIN MENU .
step — reduction.

| SAVE OPTIONS & PROCEED |




2. Run Reduction

HOlomon Photometric Software [ ] [ ) HOPS - Reduction

HOlomon Photometric Software
v3.0.0

Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras@star.ucl.ac.uk

UPDATES & USER MANUAL

MY PROFILE

Analyse your data step by step

Data:  2016.08.10.wasp-10b.R
** SELECT, GET »* Target: WASP-10 - Host of WASP-10b O p €1ns
** RUN REDUCTION ** B (0113 o ma 4
out_2016_08_10_19_14_48_WASP-10 b-001 fit
Creating master bias - 100.0 % - time left: 0:00:00
Creating master dark - 100.0 % - time left: 0:00:00
Creating master flat - 100.0 % - time left: 0:00:00
** mandatory step ** EXIT
Reducing data and calculating statistics - 14.6 % - time left: 0:00:43
Extra tools: — Show all frames
OBSERVING PLANNER

STOP REDUCTION & RETURN TO MAIN MENU



Run reduction
At this step you don’t have to do anything but wait for the reduction process to
finish. On completion HOPS will proceed to the nest step — inspection. Here,
you can:
a. Select the Show all frames option if you want to display all of your
images (it is useful if you want to visually inspect them while the

reduction is being performed, but the process will get slower).
b. Interrupt reduction process by clicking on Stop reduction and return to
main menu. see '

Reducing data and calculating statistics - 14.6 % - time left: 0:00:4

Show all frames
b STOP REDUCTION & RETURN TO MAIN MENU




3. Inspect Frames

o HOlomon Photometric Software ece HOPS - Inspection
HOlomon Photometric Software z %7

v3.0.0 2 1.25

W
Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras@star.ucl.ac.uk E 1.00 4 .

o

UPDATES & USER MANUAL i 0.75 -
A

0.50 A

MY PROFILE

Analyse your data step by step

=
a 3.0 A
Data:  2016.08.10.wasp-10b.R =
Hk ok
1l SELECTDATA'& TARGET Target: WASP-10 - Host of WASP-10b O p ens L 251
T
5 2.0
Completed under v3.0.0 __> e
&
a 1.5 A
INSPECT FRAMES Files discarded: 0 (l) i 2| _;, ‘v‘ 5
Time (hours in observation)
4. ** RUN ALIGNMENT ** You need to complete this step to proceed L) (- é "1" Q 5
5 On the time-sky or PSF-sky graph above
: . 3 5 double-click on a point to see the frame on the left panel.
i 2OIE AL I4AANASP10 -0 To mark this point as faulty, use the right double-click.
Scroll up/down to zoom in/out. Click & drag to move the image. To undo, use the right double-click again.
6. Mouse on: x=578.94, y=441.07, counts=131.86
EtininucE 39 Sky Threshold |0 PSF Threshold |0
B
** mandatory step ** EXIT Maximum = 598
\ RETURN TO MAIN MENU
Stretch factor = 0

Extra tools: SAVE OPTIONS & RETURN TO MAIN MENU

L]
OBSERVING PLANNER RESET Flip Mirror White Sky | SAVE OPTIONS & PROCEED |




Inspect frames

At this step you can filter out faulty images from the rest of the process. On
the top right, you can see two diagnostics plotted over the course of your
observation. These are the Sky (a) and the HWHM (b). You can zoom, move, or
rest these graphs using the panel beneath them (c).

‘00 @ HOPS - Inspection

5Ky (counts/pix/s

tS/pIX/s)
| I LAK
N
QO

s in observation)

Caedr» Q=R C

On the time-sky or PSF-sky graph above
double-click on a point to see the frame on the left panel.
To mark this point as faulty, use the right double-click.

Scroll up/down to zoom in/out. Click & drag to move the image. To undo, use the right double-click again.

Mouse on: x=578.94, y=441.07, counts=131.86

Minimum = 39 Sky Threshold |0 PSF Threshold |0
B_L
Maximum = 598
[ L RETURN TO MAIN MENU
Stretch fact 0
[ SAVE OPTIONS & RETURN TO MAIN MENU

RESET Flip Mirror White Sky I SAVE OPTIONS & PROCEED I




Inspect frames
The scope of these graphs is to help you identify frames that have been
affected by clouds or twilight (high sky value) or by pointing issues (high value
of HWHM). To visualize an image on the left panel (d), double click on a point
on either the Sky or the HWHM graph and the vertical red arrow will point to it
(e). You can zoom, move, flip, mirror, adjust the contrast or rest your image
using the panel beneath it (f). =« -

HOPS - Inspection

— .
3 3.01 S e
s : . .
= ¢ . . .
T ] .
: o0 ™ . ° .ore ’
- .
5204, oot RORTIRT PR X Tr o
w AL S PR L
& 154 *° < .
.
0 1 2 3 4 5
Se|

On the time-sky or PSF-sky graph above
ol -click on a point to see the frame on the left panel.
“““ To mark this point as faulty, use the right double-click.
To undo, use the right double-click again.

Sky Threshold |0

PSF Threshold |0

Maximum 503
LI
Stretch factor = 0
Mp Mirr White

RETURN TO MAIN MENU

SAVE OPTIONS & RETURN TO MAIN MENU

| SAVE OPTIONS & PROCEED |




Inspect frames

If you decide to filter this image out, use the right double click - it will turn red
on both graphs (g). To revive a filtered image, use the right double click again -
it will turn black again on both graphs .

[ ] o HOPS - Inspection
1.50
@
2125
o)
S 1.00 g
o
=
> 0.75
%1
n
0.50
0 1 \ 2 3 4 5
.
5 3.0 . KR
= .O'I'. - °
T | " o
s 29 . T HIR
I- * b . .‘ oo .0 ‘. L4
. ] . - .
s 2.01,% o .. . N Pa® %o . Jd o o’ ot
£ OA. o8 Yy A. Tt e A
e LA S P A
& 154 " % s, o
L
0 1 2 3 4 5
Time (hours in observation)
aeEd> Q= x=2.43 y=1.090

Scroll up/down to zoom in/out. Click & drag to move the image.
Mouse on: x=966.56, y=431.08, counts=61.41

Minimum = 1
[
Maximum = 503
|
Stretch factor = 0
L1
RESET Flip Mirror White Sky

On the time-sky or PSF-sky graph above
double-click on a point to see the frame on the left panel.
To mark this point as faulty, use the right double-click.
To undo, use the right double-click again.

Sky Threshold |0 PSF Threshold |0

RETURN TO MAIN MENU

SAVE OPTIONS & RETURN TO MAIN MENU

| SAVE OPTIONS & PROCEED ||




Inspect frames

To filter out many images at once you can set a threshold on the Sky and/or
the HWHM using the relative entries (h). The filtered images will turn into red
on both the Sky and the HWHM graphs (i). To remove these thresholds, set
them to O.

¢« o °* ‘
MR
. L P
I PR TR [ — [
- ° l. . ... .‘o.:. LY : .
b . o e -’
~ l-....‘ . "‘ o0 o~ .' .: ".'.l'y‘.
'Y . °
o TENCIA N adpe, T, T TN e, T
\ - .
2 3 5
) S in
AeED> Q= B X=2.43 y=1.090

On the time-sky or PSF-sky graph above

double-click on a point to see the frame on the left panel.

To mark this point as faulty, use the right double-click.
o undo atha iobt donblo i 90ain.

Scroll up/down to zoom in/out. Click & drag to move the image.
Mouse on: x=1004.52, y=97.41, counts=76.23

Sky Threshold |0 PSF Threshold

{ 1 RETURN TO MAIN MENU

‘ SAVE OPTIONS & RETURN TO MAIN MENU

RESET Flip Mirror White Sky I SAVE OPTIONS & PROCEED I




The alignment process relies heavily on your first image. This is a good
moment to check your first image again and verify that it is not overexposed
and that the tracking is representative of your observation in total.

If your first image is not of good quality, select it as faulty here (step d on the
next slide), it will save you a lot of time!



Proceed

HOPS - Inspection

1.50 A

SKy (founts/pix/s)

Return to the main menu

S et without saving the current
;25‘ .o * . .. ...: .-’...O ..J.$" : N .

; 204, .. ‘s -:..' ': o ... ."-".l ....:-. y 1 n .

”wE- “.'.c.'.‘:\{.*..\"‘ o.:...'.. .‘. ® ..‘.‘ .o ¢ ..:.: - :.:'o. Opt O S

Saves the current options
and returns to the main
menu.

Time (hours in observation)

AeEd> Q= X=2.43 y=1.090

On the time-sky or PSF-sky graph above
double-click on a point to see the frame on the left panel.
“““ To mark this point as faulty, use the right double-click.

Scroll up/down to zoom in/out. Click & drag to move the image. To undo, use the right double-click again.

Mouse on: x=1004.52, y=97.41, counts=76.23

T — 1 i T Saves the current options

| L RETURN TO MAIN MENU / /

; / and proceeds to the next
o SAVE OPTIONS & RETURN TO MAIN MENU .
RESET Elp LAl el ey | SAVE OPTIONS & PROCEED | St€p — all gl’lmG 1’1t .




4. Run

@ HOlomon Photometric Software

HOlomon Photometric Software
v3.0.0

Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras@star.ucl.ac.uk

UPDATES & USER MANUAL

MY PROFILE

Analyse your data step by step

Data: 2016.08.10.wasp-10b.R

le ** SELECT DATA & TARGET ** Target: WASP-10 - Host of WASP-10b

opens

2 ** RUN REDUCTION ** Completed under v3.0.0
o INSPECT FRAMES Files discarded: 0
** RUN ALIGNMENT ** ou need to complete this step to proceed
5.
6.
** mandatory step ** EXIT

Extra tools:

OBSERVING PLANNER

Alignment

@ HOPS - Alignment

out_2016_08_10_19_30_22_WASP-10 b-013.fit

Aligning frames - 5.3 % - time left: 0:01:47

STOP ALIGNMENT & RETURN TO MAIN MENU



Run reduction

At this step you don’t have to do anything but wait for the alignment process
to finish. On completion HOPS will proceed to the nest step — photometry.
Here, you can only interrupt the alignment process by clicking on Stop
alignment and return to main menu (a).

[ NON ) HOPS - Alignment

Aligning frames - 5.3 % - time left: 0:01:47
[—|

a STOP ALIGNMENT & RETURN TO MAIN M@




Running alignment

NOTE: If there is an image where stars cannot be detected, you will be asked
whether you want to skip it. If the image is just shifted of flipped select No,
otherwise, if the image is faulty, select Yes. (you won’t be asked for small shifts
or meridian flips without large shifts)

[ NON ) HOPS - Alignment

Aligning frames - 5.3 % - time left: 0:01:47
[ |

STOP ALIGNMENT & RETURN TO MAIN MENU



. Photometry (selection)

HOlomon Photometric Software

HOlomon Photometric Software
v3.0.0

Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras@star.ucl.ac.uk

UPDATES & USER MANUAL

MY PROFILE

Analyse your data step by step

** SELECT DATA & TARGET **

** RUN REDUCTION **

INSPECT FRAMES

** PHOTOMETRY **

** mandatory step **

Extra tools:

OBSERVING PLANNER

Data:
Target:

2016.08.10.wasp-10b.R
WASP-10 - Host of WASP-10b

Completed under v3.0.0

Files discarded: 0

nder v3.0.0

You need to complete this step to proceed

EXIT

0 200

[ JoK J

[ Available FOV
Stars of similar flux to the target

400 600 800

out_2016_08_10_19_14_48_WASP-10 b-001.fit

1000

Scroll up/down to zoom in/out. Click & drag to move the image.

Mouse on: x=983.28, y=300.96, counts=146.50

Minimum = 39
|
Maximum = 598
\ 11
Stretch factor = (0]

[Lf

RESET Flip Mirror White Sky

HOPS - Photometry

Remember, the best comparison stars need to be:
a) close to your target, b) of similar magnitude to the target,
c¢) of similar colour to the target, d) photometrically stable, i.e. not variables!

Check SIMBAD
Show stars of similar flux to the target, % difference: 40.0 ﬁ
% c'I(;?ltr?tl s clc:/{lz:is HI\\XIII?-;(M Algfil;tl;ls]- . ARG

©  Target CLEAR 00 00 00 0.0 0.0 [
CLEAR 00 00 00 0.0 0.0 oo
CLEAR 00 00 00 0.0 0.0 [
CLEAR 00 00 00 0.0 0.0 oo
CLEAR 00 00 00 0.0 0.0 [
CLEAR 00 00 00 0.0 0.0 oo
CLEAR 00 00 00 00 0o |
CLEAR 00 00 00 0.0 0.0 oo
CLEAR 00 00 00 00 00 |
CLEAR 00 00 00 0.0 0.0 foo—
CLEAR 00 00 00 00 00 |

Advanced aperture options:
Vary the aperture size proportionally to the variations of the PSF size.
Align the aperture with the geometric center instead of the PSF peak.

You need to select the target and at least one comparison star to proceed.

RETURN TO MAIN MENU




Photometry (selection)

At this stage you will can select your target and comparison stars. The graph
on the left (a) shows your first image, with a red box indicating the stars that
were inside your FOV for the whole observation (available FOV). You can zoom,
move, flip, mirror, adjust the contrast or rest your image using the panel

beneath it (b).

[ JOX )} HOPS - Photometry

[ Available FOV

Stars o ar flux to the target

. Target CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
______ CLEAR

0 zoom in/out. Click & drag to move the imagé

ouse on: x=983.28, y=300.96, counts=146.50
- _ Vary the aperture

RETURN TO MAIN MENU

X

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Remember, the best compari
a) close to you: tgtb)fmla.rmgtdllhta.rgl
¢) of similar colour to the target, d) photometrically stable,

Check SIMBAD

Show stars of similar flux to the target, % difference

Total
counts  coun

Y

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Advanced aperture options:

Align the aperture with the geometric center

You need to select the target and at least one co

size proportionally to the variations o:
instead of the PSF peak.

mparison

eed to be:

ot variables!

40.0
Max Max

ts HWHM
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

star

to

f the PSF

procee:

size.

Gl

<

>

perture  y) RNINGS

FIEEEEHEEERE:



Select your target
Select the Target option (c), and try to identify your target in your image. If you
cannot identify your target, you can cross-check your image with SIMBAD by

clicking on Check SIMBAD (d).

[ JOK J

[ Available FOV
Stars of similar flux to the target

¢) of similar colour to the ig

HOPS - Photometry

Remember, the best comparison stars need to be:
a) close to your target, b) of similar magnitude to the target,

stable, i.e. not variables!

Show stars of similar fl : 40.0 w
> K cTo(:lt:ll s cl(:/{:is HLV:IIZII-)I‘M Ariiirltllllsr i RERNINGS
CLEAR 00 00 00 00 o0 oo
CLEAR 00 00 00 0.0 0.0 foo—
CLEAR 00 00 00 00 o0 oo
CLEAR 00 00 00 0.0 0.0 oo
CLEAR 00 00 00 00 o0 oo
CLEAR 00 00 00 0.0 0.0 foo—
CLEAR 00 00 00 00 0.0 oo
CLEAR 00 00 00 0.0 0.0 oo
CLEAR 00 00 00 0.0 0.0 oo
o 200 400 600 800 1000 CLEAR 00 00 00 0.0 0.0 oo
out_2016_08_10_19_14_48_WASP-10 b-001 fit CLEAR 6. o6 ob oo on o

Scroll up/down to zoom in/out. Click & drag to move the image.
Mouse on: x=983.28, y=300.96, counts=146.50

Advanced aperture options:

Vary the aperture size proportionally to the variations of the PSF size.

Minimum = 39
‘ | Align the aperture with the geometric center instead of the PSF peak.
Maximum = 598
[ You need to select the target and at least one comparison star to proceed.
Stretch factor = © RETURN TO MAIN MENU
L]
RESET Flip Mirror White Sky I I




Select your target

Once you have identified your target double click on it (e) and a red circle will
appear around it and the X, Y position, the total ana maximum counts and the
max HWHM will be displayed next to the Target option. To replace your target
double click on a different star. To clear your selection, click on Clear, next to
the Target option (f).

[ BON ) HOPS - Photometry

3 Available _qu Remember, the best comparison stars need to be:
Stars of similar flux to the target a) close to your target, b) of similar magnitude to the target,
¢) of similar colour to the target, d) photometrically stable, i.e. not variables!

Check SIMBAD

Show stars of similar flux to the target, % difference: 40.0 E
Max Max Aperture

Total
f % i counts counts HWHM radius WALRINGS
(o] Target 5422 4017 83868.0 6989.5 1.8 4.9
Comparison 1 AR 0.0 0.0 0.0 0.0 0.0 {

CLEAR 0.0 0.0 0.0 0.0 0.0
CLEAR 0.0 0.0 0.0 0.0 0.0 |
CLEAR 0.0 0.0 0.0 0.0 0.0
CLEAR 00 00 00 00 oo | [
CLEAR 0.0 0.0 0.0 0.0 0.0 |
CLEAR 0.0 0.0 0.0 0.0 0.0
CLEAR 00 00 00 0.0 00 |
0 200 400 600 800 1000 CLEAR 00 00 0.0 0.0 0.0
t_2016_08_10_19_14_48_WASP-10 b-001 fit
out-2016-58-15-15_14-45- : CLEAR 0.0 0.0 0.0 0.0 0.0
Scroll up/down to zoom in/out. Click & drag to move the image. g
Mouse on: x=1019.29, y=713.83, counts=132.81 Advanced aperture options:
Minimum = 39 Vary the aperture size proportionally to the variations of the PSF size.
Align the aperture with the geometric center instead of the PSF peak.
Maximum = 598
You need to select the target and at least one comparison star to proceed.
Stisichliselons © RETURN TO MAIN MENU

T

RESET Flip Mirror White Sky I I




Select your target aperture

Use the control panel beneath the image (g) to zoom-in to your target and
modify the contrast so that you can see the full extend of your PSF. Enter your
preferred aperture in the Aperture radius, next to the Target option (h). The
aperture should enclose completely the star but avoid nearby stars (the default
value is 1.4 times the collective FWHM of the stars in the image.

[ JOX ) HOPS - Photometry

3 Available ‘FO_V Remember, the best comparison stars need to be:
Stars of similar flux to the target a) close to your target, b) of similar magnitude to the target,
¢) of similar colour to the target, d) photometrically stable, i.e. not variables!

Check SIMBAD

Show stars of similar flux to the target, % difference:

cccccccccccc

o Target CLEAR 5422 401.7 83868.0 6989.5

Comparison 1 CLEAR 0.0 0.0 0.0 0.0

CLEAR 00 00 0.0 0.0 o0 oo
CLEAR 00 00 00 0.0 o0 oo
CLEAR 00 00 00 0.0 oo oo
CLEAR 00 00 0.0 0.0 oo oo
CLEAR 00 00 0.0 0.0 oo oo
CLEAR 00 00 0.0 0.0 00 oo
CLEAR 00 00 0.0 0.0 00 oo
CLEAR 00 00 00 0.0 oo oo
CLEAR 00 00 00 0.0 oo oo

Scroll up/down to zoom in/out. Click & drag to move the image.

Advanced aperture options:

Mousca8 Ba— o R85.29.55 '
M Vary the aperture size proportionally to the variations of the PSF size.

Align the aperture with the geometric center instead of the PSF peak.

You need to select the target and at least one comparison star to proceed.

RETURN TO MAIN MENU




Select your target aperture carefully

Default aperture Default aperture
Low contrast high contrast

In this best case, even if you
increase the contrast you will see
that the aperture is including all

of your star.

Well-shaped
PSF

In these two cases,
a larger aperture
will give you better
results. Experiment
with it to find the
best solution.

Trails

Extended
PSF wings




Select your comparison stars and their apertures

After selecting a target, a number of yellow boxes will appear, indicating stars
of similar flux, as potential comparisons (i). You can adjust the level of
similarity between the target and the proposed comparison stars from the %
difference drop-down menu (j). The default is +/- 40 %.

[ JOX ) HOPS - Photometry

e Avallable_Fo_V Remember, the best comparison stars need to be:
Stars of similar flux to the target a) close to your target, b) of similar magnitude to the target,
c) of similar colour to the target, d) photometrically stable, i.e. not variables!

Check SIMBAD
Show stars of similar flux to the target, % difference: ’

O  Target CLEAR 5422 4017 83868.0 6989.5 El

Comparison 1 CLEAR 00 00 0.0 0.0 o0 oo

CLEAR 00 00 00 0.0 00 | (

CLEAR 00 00 0.0 0.0 0.0 {4

CLEAR 00 00 0.0 0.0 [

CLEAR 00 00 0.0 0.0 o0 oo

CLEAR 00 00 00 0.0 oo oo

CLEAR 00 00 0.0 0.0 oo oo

CLEAR 00 00 0.0 0.0 o0 oo

0 200 400 600 800 1000 CLEAR 00 00 0.0 0.0 o0 oo
out_2016_08_10_19_14_48_WASP-10 b-001 fit —— G0 oo oo o 0w i

Scroll up/down to zoom in/out. Click & drag to move the image.
Mouse on: x=959.28, y=821.85, counts=115.45 Advanced aperture options:

Minimum = 39 Vary the aperture size proportionally to the variations of the PSF size.

[ Align the aperture with the geometric center instead of the PSF peak.
Maximum = 598
‘ | You need to select the target and at least one comparison star to proceed.

Stretch factor = 0 RETURN TO MAIN MENU

RESET Flip Mirror White Sky I I




Select your comparison stars and their apertures

Follow the same procedure as for the target and select between 1 - suggested
minimum is 2 - and 10 comparison stars: select the Comparison X option (k),
double click on the star you wish to select (1), adjust zoom and contrast to see
the full extend of the star (m), and enter the aperture (n).

[ NON ) HOPS - Photometry

[ Ava||ab|erF0‘V Remember, the best comparison stars need to be:
Stars of similar flux to the target a) close to your target, b) of similar magnitude to the target,

c) of similar colour to the target, d) photometrically stable, i.e. not variables!
Check SIMBAD
Show stars of similar flux to the target, % difference: 40 (V]
X v Total Max Max Aperture WARNINGS

counts counts HWHM radius

Target CLEAR 5422 4017 838680 69895 1.8
& parison 1 CLEAR 8613 3447 795392 51029 2.1 O n

el mparison 2 CLEAR 7230 502.8 99883.6 84655 18 ﬁi

Comparison 3 CLEAR 00 00 00 00 00 [foo

CLEAR 00 00 0.0 0.0 o0 oo

CLEAR 00 00 00 00 00 oo

CLEAR 00 00 00 00 00 [oo

CLEAR 00 00 00 00 00 Joo

; CLEAR 00 00 0.0 0.0 o0 oo

0 200 400 600 800 1000 CLEAR 00 00 0.0 0.0 oo oo

out_2016_08_10_19_14_48_WASP-10 b-001.it CLEAR o o0 oo o oo |

Scroll up/down to zoom in/out. Click & drag to move the image.

-65.08 Advanced aperture options:

Vary the aperture size proportionally to the variations of the PSF size.

Align the aperture with the geometric center instead of the PSF peak.

Maximum =

J:l_/ You need to select the target and at least one comparison star to proceed.
Str _ RETURN TO MAIN MENU SAVE OPTIONS & RETURN TO MAIN MENU

11

RESET Flip Mirror White Sky I RUN PHOTOMETRY I




Choose your comparison stars carefully, as they affect significantly the
quality of the final result. The general rules are that the comparison stars
need to be:

- close to the target star;

- of similar magnitude to the star;

- of similar colour to the target star (check with SIMBAD of GAIA);

- stable, i..e not variables (check with SIMBAD or AAVSO or from the

comparison light curves on a few pages later).

There is always the possibility that no good comparison stars exist. In this

case you have to proceed with on-ideal comparison stars (very faint or very
bright).



Advanced aperture options

If you believe that the PSF size is changing considerably during the
observation you may wish to select the option to vary the aperture size
proportionally to the variations of the PSF size (l). If your PSF suffers from

strong asymmetries, you can select the option to align the aperture with the
geometric centre of the star instead of the PSF peak (m).

] (top)-m (bottom)

Stretch factor =

RETURN TO MAIN MENU SAVE OPTIONS & RETURN TO MAIN MENU

0
EEEEE Flip Mirror White Sky RUN PHOTOMETRY



Run photometry or proceed

@ HOPS - Photometry
— AvallablerFOVV Remember, the best comparison stars need to be:
Stars of similar flux to the targe a) close to your target, b) of similar magnitude to the target,
c) of similar colour to the target, d) photometrically stable, i.e. not variables!
Check SIMBAD
Show stars of simi[ar Immig.the target, % difference: 40 E
otal Max Max Aperture
X i cou gots HWHM  radius WAL

Target CLEAR 5422 401.7 83868.0 6989.5 1.3 = | Return to the main menu

°ZZZE:Z:: == 0 without saving the current
T . o o s o = options,
cleaR | 00 00 o0 o0 oo [
= = = Saves the current options
P == = = = and returns to the main

______ CLEAR 0.0 0.0 0 0.0 0.0

Scroll up/down to zoom in/out. Click & drag to move the image. ’ - ' ) menu °

RG(H

Mouse on: x=835.09, y=296.10, counts=65.08

Minimum = 39 Vary the aperture size propo: ally to the variations of the PSF size
I Align the aperture withgfffe geometric center instead of the PSF peak.

If photometry has been
| L You need togghCt the target and at least one comparison star to proceed. p O O e a.S e e

Stretch factor = 0 RETURN TO MAIN MENU SAVE OPTIONS & RETURN TO MAIN MENU

LI_IRESET Flip Mirror White Sky | runPHOTOMETRY | C— Completed 1I1 the paSt,
proceeds to the next step -
fitting.

—

Runs photometry.



ob. Photometry (running)

LICK ) HOPS - Photometry [ ) o HOPS - Photometry progress
3 Available FOV Remember, the best comparison stars need to be: 1.05 o PSF
Stars of similar flux to the target a) close to your target, b) of similar magnitude to the target, Target
©) of similar colour to the target, d) photometrically stable, i.c. not variables! e Aperture
Check SIMBAD l— 1.00 4
Show stars of similar flux to the target, % difference: 40 [ ]
Total  Max  Max  Aperture
X Y Counts counts HWHM radivs  VARNINGS
T T T T T T
Target CLEAR 5422 4017 838680 69895 18 |6 1.05 -
Comparison 1 CLEAR 8613 3447 795392 51029 21 |6 Comparison 1
© Comparison 2 CLEAR 7230 5028 998836 84655 18 E U 1.00
Comparison 3 CLEAR 00 00 00 00 00
CLEAR 00 00 00 00 00 1.05 T T T T T T
CLEAR 00 00 00 00 00 ,
Comparison 2
CLEAR 00 00 00 00 00 ~
CLEAR 00 00 00 00 00 O 100+
CLEAR 00 00 00 00 00 Op e I I S .
T T T T T T
200 400 600 800 CLEAR 00 00 0.0 0.0 0.0 0 1 2 3 4 5
out_2016_08_10_19_14_48_WASP-10 b-001.fit CTENR W 0F a0 o 08 [— Time (hours in observation)

Scroll up/down to zoom in/out. Click & drag to move the image.

Mouse on: x=835.09, y=296.10, counts=65.08 Advanced aperture options:

Vary the aperture size proportionally to the variations of the PSF size.

Minimum = 39 o . o .
Align the aperture with the geometric center instead of the PSF peak. Photometry - 8.5 % - time left: 0:01:38
Maximum = 598 S
1 Y ed to select the target and at least one comparison star to prog
Stretohifacton = ® RETURN TO MAIN ME AVE OPTIONS & ‘0 MAIN MENU
1 STOP PHOTOMETRY
RESET Flip Mirror Whi RUN PHOTOMETRY




Photometry (running)
At this step you don’t have to do anything but wait for the photometry process

to finish. Here, you can only interrupt photometry by clicking on Stop
photometry (a), which will get you back to the main photometry menu, where

you selected the target and comparison stars.

HOPS - Photometry progress
105 PSF
>
TTTTTT e Aperture
— o' . *
1.00 +
Sw
o
T T T T T T
.

O 1.00 -ﬁ(;

Time (hours in observation)

Photometry - 8.5 % - time left: 0:01:38

< STOP PHOTOMETRY




Target

Comparison 1

Comparison 2

STOP PHOTOMETRY

oc. Photometry (inspection)

HOPS - Photometry progress
1.05

on completion

>

= 1.00

PSF
Aperture

1.05 T T T T

1.00 A

Cl

105 T T T T

1.00 A _*l:@

C2

0 1 2 3
Time (hours in observation)

Photometry - 8.5 % - time left: 0:01:38

L AN

Target

Comparison 1

 Active Comparison 1

Comparison 2

@ Active Comparison 2

Cl

C2

HOPS - Photometry progress

1.05 A

I . Aaenure

1.00 A

m&‘:ﬂ.‘b w ,..’f-.

0.95 4

105 .
1.00 4 ¥

0.95 4

1.05 A

100 {  SNPANTAR NAN reAAOnpt ANYT i KNI,

0.95 4

0 1 2 3 4 5
Time (hours in observation)

Photometry - 100.0 % - time left: 0:00:00

SAVE RESULTS

RETURN TO PHOTOMETRY MENU PROCEED TO FITTING MENU



Photometry (inspection)

At this step you can remove one or more of your comparison stars if you believe
that their light curves have a negative impact on the light curve of the target.
On the right, you can see a number of light curves, one for every star selected.
The first (a) is the light curve of the target divided by the sum of the light curves
of all the comparison stars. Every other one (b) is the light curve of one
comparison star divided by the sum of the light curves of all the other
comparison stars.

TTTTTT

3
7

Target / (Comp.1 + Comp.2)

Comp.1 / Comp.2

N

Comp.2 / Comp.1

0 % - time left: 0:00:00

RETURN TO PHOTOMETRY MENU PROCEED TO FITTING MENU

&=
w
g
=



Remove comparison stars

To remove one comparison star you can de-select the respective option Active
Comparison X, on the left (c). The results will be plotted again. Note that if only
one comparison star is active, you will only see one light curve (the target’s light
curve). If you remove one or more comparison stars, do not forget to save
the new photometry results (d)!

[ NON ) HOPS - Photometry progress

1.05
¢ e PSF
Target 100 "k 1& A‘ e Aperture
" s "’"ﬁ‘f% ”’* RS
0.95 A
1.05 ' ' ' :
Comparison 1
— 1.00 1 Can't plot relative curve with only 1 active comparison
)
0.95 A
1.05 ' ' u ' !
Comparison 2 .
~ 100+ Inactive
C Q
<Act1ve Comparison 2 0.95 A

0 1 2 3 4 5
Time (hours in observation)

Photometry - 100.0 % - time left: 0:00:00

RETURN TO PHOTOMETRY MENU PROCEED TO FITTING MENU




If one comparison star is variable, you will see its light curve is anti-corelated to all
the other light curves, including the target’s light curve.

Target
1.1 M&"%& % : ﬁgsrture
ar 4 .
1.0 . W; Wﬂ"% ‘:‘3‘%&
 compemsns In this example from a
E AT T difference dataset, the variable
Q an® . .
21 e Mgy star is Comparison 2
@ | | | Comparisoan | | |
11{ , *EWea, ‘m&;’ ‘::e
1.0 1 w‘ %
0.9 - \‘5 = *

0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175

At [days]



Proceed

0 o, HOPS - Photometry progress
n - 100 ] R AR . ,,.f-v&w#u Return to the main
055 L, . T — photometry menu, where

n -/

Comparison 1

D 100 | WA AR ST o you selected the target and

0551 , , , . - comparison stars.

1.05
8 1.00 A
.
0.95 1

0 N : Proceeds to the next step -

/ fitting.

SAVE RESULTS RETURN TO PHOTOMETRY MENU PROCEED TO FITTING MENU

 Active Comparison 1

Comparison 2

 Active Comparison 2

Photometry - 100.0 % - time left: 0:00:

Saves new results.



6a. Fitting

[ ) HOlomon Photometric Software

HOlomon Photometric Software

v3.0.0

UPDATES & USER MANUAL

MY PROFILE

Analyse your data step by step

il ** SELECT DATA & TARGET **

28 ** RUN REDUCTION **
3. INSPECT FRAMES
4. ** RUN ALIGNMENT **

EXOPLANET FITTING

** mandatory step **

Extra tools:

OBSERVING PLANNER

Data:  2016.08.10.wasp-10b.R

Target:

WASP-10 - Host of WASP-10b

Completed under v3.0.0

Files discarded: 0

Completed under v3.0.0

ted under v3.0.0

EXIT

Copyright (c) 2017-2021 Angelos Tsiaras, atsiaras@star.ucl.ac.uk

opens

relative flux (de-trended)

residuals

S€

ection)

HOPS - Fitting
Light-curve file
Choose Light-curve file v ]
EXPORT FOR DATABASES (ExoClock / ETD)
Catalogue param.
Lo Planet WASP-10b |
Planet RA DEC e 97
(hh:mmsss +/-dd-mm:ss) 23715:58.3005 +31:27:46.294 I
08 4 Period [days] 3.0927295 H
Mid-time [BJD_TDB] 2454664.03804 H
Rp/Rs 0.15857143 [
0.6
a/Rs 11.615 I
Inclination [deg] 88.49 |
041 Eccentricity 0.0 H
Periastron [deg] 0.0 H
0.2 M* [Fe/H, dex] 0.04 |
T* [K] 4675 I
20 log(g*) [cm/sA2] 4.62 |
0.750_ 0 Scatter limit default = 3.0
0.50 4 MCMC Iterations default = 150000
0.25 - MCMC Burn-in _
(less than Iterations) Celaul Ly UD000
0.00 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 RETURN TO MAIN MENU

SAVE OPTIONS & RETURN TO MAIN MENU

— 1

RETURN TO PHOTOMETRY



Select a light curve

Choose the light curve you want to fit form the Light-curve file drop-down menu
(a), you can choose between aperture of PSF fitting (GAUSS) and the different
attempts of photometry that you tried.

| NON ) HOPS - Fitting

a

Light-curve file
ose Light-curve file

Choose Light-curve file
PHOTOMETRY/PHOTOMETRY_APERTURE.txt
PHOTOMETRY/PHOTOMETRY_GAUSS.txt
HOTOMETRY_2/PHOTOMETRY_APERTURE.txt
TOMETRY_2/PHOTOMETRY_GAUSS.txt
1.0 Planet WASP-10b W
Planet RA DEC e .
(hh:mmess 4/-ddomm:ss) 2315:58:3005 +31:27:46.294 |
0.8 Period [days] 3.0927295 |
%‘ Mid-time [BJD_TDB] 2454664.03804 |
el
5 Rp/Rs 0.15857143 |
b 0.6
0 a/Rs 11.615 |
=
X Inclination [deg] 88.49 |
5 0.4 - -
4 Eccentricity 0.0 I
=
'T: Periastron [deg] 0.0 I
[
0.2 - M* [Fe/H, dex] 0.04 |
T* [K] 4675 |
1@0 log(g*) [cm/sA2] 4.62 |
" 0_750_ 0 Scatter limit I default = 3.0
©
3 0.50 4 MCMC Iterations I default = 150000
2 _
£ 025 MCMC Burn-in _
(less than Iterations) I default = 100000
0.00 ; : : T
0.0 0.2 0.4 0.6 0.8 1.0 RETURN TO MAIN MENU

SAVE OPTIONS & RETURN TO MAIN MENU

: RETURN TO PHOTOMETRY



Enter the planet parameters

The parameters of the exoplanet that is the closest to your coordinates will be
chosen from a built-in catalogue (b). This catalogue contains about 400
exoplanets but not all of them. If this is not your target, or if you want to change

the default values, select the Enter param. Manually option (c) to activate the
manual entries (d).

[ JON HOPS - Fitting
Light-curve file
PHOTOMETRY/PHOTOMETRY_APERTURE.txt “

@ WASP - 10b zgt?f‘;séiol g{;%“gg EXPORT FOR DATABASES (ExoClock / ETD)

Filter: R b
Catalogue param

Angelos Tsiaras Enter param. manually

Holomon / C11 / ATIK4000 Planet
1.02 A
Planet RA DEC . .
1.01 A (hh:mm:ss +/-dd:mm:ss) 27 AT SIS,
1.00 A Period [days] 3.0927295
§ 0.99 4 Mid-time [BJD_TDB] 2454664.03804
©
@ 0.98 Rp/Rs 0.15857143 d
5
g 097 a/Rs 11.615
-] 0.96 Inclination [deg] 88.49
= .
g 0.95 A E tricit 0.0
2 « Detendeddata | Eecennd y
o 0949 . Filtered outliers Periastron [deg] 0.0
= Best-fit model
" (Tp = 2457611.40841, R,R; = 0.16266) o-C: M* [Fe/H, dex] 0.04 |\
Expected model -1.2 min T* [K] 4675 I
T (To = 2457611.40925, Ry/R, = 0.15857)
log(g*) [cm/sA2] 4.62
0.02 4 STD = 5.0 %o
» + Scatter limit 3.0 default = 3.0
el i
3 0.00 + : ey MCMC Iterations 150000 default = 150000
b=l g W '
g 4 + LUCINIE BmHin 100000 default = 100000
—0.02 4 AutoCorr = 0.2 (less than Iterations)
-0.04 -0.03 -0.02 -0.01 0.00 0.01 0.2 0.03 0.04 RETURN TO MAIN MENU

hase
P SAVE OPTIONS & RETURN TO MAIN MENU

RUN FITTING RETURN TO PHOTOMETRY



Check the fitting preview

At this stage, you will be able to see the fitting preview on the left (e). In this
graph, the data have been corrected for a quadratic term (de-trended). The
models plotted represent the best-fit model on the data (not MCMC) with red,

and the expected model based on the parameters you have provided with cyan.
This graph also shows the fitting residuals and some diagnostics on them (STD

i [ JOX ) HOPS - Fitting
and autocorrelation Light-curve fl =
PHOTOMETRY/PHOTOMETRY_APERTURE.txt V|
23 WASP - 10b 2010%g;10 19:14 (UT) EXPORT FOR DATABASES (ExoClock / ETD)
Dur: 5. Exp: 70.0s
Filter: R
ngelos Tsiaras Catalogue param. Enter param. manually
Holomon / C11 / ATIK4000 Planet WASP-10b \
1 -
Planet RA DEC 1o G
o1 Eh e ol e ss) 23:15:58.3005 +31:27:46.294 |
1.00 Period [days] 3.0927295 ‘
0.99 id-time [BJD_TDB] 2454664.03804 \
0.98 Rp/Rs 0.15857143 \
e L 097 a/Rs 11.615 \
X 0.96 Iftlination [deg] 88.49 \
=
g 0.95 tricit 0.0
2 + Detrendeddata | fpeeennd Y ‘
= 094 -« Filtered outliers riastron [deg] 0.0 \
= Best-fit model
T (Tp = 2457611.40841, R,R; = 0.16266) oc * [Fe/H, dex] 0.04 \
Expected model -1.2 min T* [K] 4675 ‘
" (To = 2457611.40925, Ry/R; = 0.15857)
log(g*) [cm/sA2] 4.62 ‘
0.02 { STD = 5.0 %o
" Scatter limit 3.0 default = 3.0
©
.g 00 MCMC Iterations 150000 default = 150000
‘@
e LIERILE [Huanin 100000 default = 100000
—0.0 AutoCorr = 0.2 (less than Iterat )
-0, -0.03 -0.02 -0.01 0.00 001 002 O, 0.04 RETURN TO MAIN MENU

hase
P SAVE OPTIONS & RETURN TO MAIN MENU

RUN FITTING RETURN TO PHOTOMETRY



Filter outliers

Enter the Scatter limit (f), a parameter based on which the outliers are filtered
out. The lower the value, the more sensitive the filtering process is (i.e. more
point will be excluded). Reasonable values are above 3, otherwise too many
point will be excluded. The excluded points appear red on the graph (g).

[ JON | HOPS - Fitting
Light-curve file
PHOTOMETRY/PHOTOMETRY_APERTURE.txt |
2016-08-10 19:14 (UT)
WAS P — 10b Dur: 5.3h / Exp: 70.0s EXPORT FOR DATABASES (ExoClock / ETD)
Filter: R
Angelos Tsiaras Catalogue param. Enter param. manually
Holomon / C11 / ATIK4000 Planet WASP-10b |
1.02 1
Planet RA DEC e .
101 (hh:mmiss +/-dd:mm:ss) 237151583005 +31:27:46.294 |
1.00 Period [days] 3.0927295 |
% 0.99 Mid-time [BJD_TDB] 2454664.03804 |
=)
g 0098 Rp/Rs 0.15857143 |
5
g o097 a/Rs 11.615 |
5 096 Inclination [deg] 88.49 |
s
.g 0.95 A Eccentricity 0.0 I
=
-g 0.94 1 Periastron [deg] 0.0 I
- = o o
" (Tp = 2457611.40841, R,R. = 0.16266) o-c: M [Fe/H, dex] 0.04 |
Expected model -1.2 min T* [K] 4675 I
7 (To = 2457611.40925, Ry/R; = 0.15857)
log(g*) [cm/sA2] 4 .62 I
0.02 { STD = 5.0 %o
" + Scatter limit < 3.0 ) default = 3.0
© L3\
3 0.004 + > t ".-. bW MCMC Iterations 150000 default = 150000
b g ‘
e 1 t WY{GIAIG I8 100000 default = 100000
—0.02 4 AutoCorr = 0.2 (less than Iterations)
T T T T T T T T T
—-0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 003 004 RETURN TO MAIN MENU

hase
P SAVE OPTIONS & RETURN TO MAIN MENU

RUN FITTING RETURN TO PHOTOMETRY



Evaluate the fitting preview before hitting the Run Fitting button. This is an
important part of the process. It will tell you if your data are good to a level that
results can be extracted.

First check the compatibility with the expected model, especially the transit depth. If
you find large inconsistencies you may need to go back to photometry and pick
deferent comparisons, or go back to reduction and check your flat frames. You will
realise that changing comparisons can affect your final results a lot! This is usually
due to airmass effects caused by comparison stars of different spectral types. A
way to be safe is to 1) get good flat fields, 2) observe long before and after the
transit and 3) keep your stars within the linear response range of your camera.

P.S.: The residuals are the difference between your data and the best model. STD and
AutoCorr are the standard deviation and autocorrelation of the residuals,
respectivelly. The smaller these numbers, the better the fitting!



Adjust the MCMC parameters

HOPS uses MCMC fitting, which is a process that tries to reach the best result
by approaching it in small steps. The number of steps is indicated by the MCMC
iterations (h). The default value of 150000 should be sufficient but if the result

is not good (very noisy light curve) you may need to increase it to 200000. The
MCMC burn-in parameter states how many of the initial steps should be
ignored and the default value is 100000. This is because in the beginning the
algorithm is trying to “find its way towards the best solution” and the results
are still unstable. If you increase MCMC iterations, increase MCMC burn-in
accordingly but do not exceed The MCMC iterations value.

2016-08-10 19:14 (UT)
WASP —_ ].Ob Dur: 5.3h / Exp: 70.05 EXPORT FOR DATABASES (ExoClock / ETD)
Filter: R




Proceed

relative flux (de-trended)

residuals

WASP - 10b

Angelos Tsiaras
Holomon / C11 / ATIK4000

HOPS - Fitting

1.02 1

1.01 A

1.00 A

0.99 4

0.98

0.97 4

0.96 -

0.95 1 + De-trended data

0.94 1 + Filtered outliers
Best-fit model
(To = 2457611.40841, RyR: = 0.16266) o-C:
Expected model -1.2 min

T (Tp = 2457611.40925, Ry/Rs = 0.15857)
0.02 1 STD = 5.0 %e
0.00 (R g
—0.02 4 AutoCorr = 0.2 +

T T T T
-0.04 -0.03 -0.02 -0.01

T T
0.00 0.01 0.02 0.03
phase

Light-curve file

PHOTOMETRY/PHOTOMETRY_APERTURE.txt

Planet
Planet RA DEC

(hh:mm:ss +/-dd:mm:ss)

Period [days]

Mid-time [BJD_TDB]

Rp/Rs
a/Rs
Inclination [deg]
Eccentricity
Periastron [deg]
M* [Fe/H, dex]
T* [K]
log(g*) [cm/sA2]
Scatter limit

MCMC Iterations
MCMC Burn-in

(less than Iterations)

SAVE OPTIONS & RETURN TO MAIN MENU

RUN FITTING

23:15:58.3005 +31:27:46.294

alogue param.

EXPORT FOR DATABASES (ExoClock / ETD)

Enter param. manually

Return to the main menu

e e without saving the current
0.15857143 0.15857143 OptiOl’lS .
11.615 JiLe1s
88.49 J88.49 .
. P Saves the current options
N V4 and returns to the main
4675 J4675.0
4.62 |4.m / menu .
j3.0 defagfl= 3.0
|150000 defafflt = 150000 .
oo Saves the current options

RETURN TO PHOTOMETRY

and return to the previous
— step — photometry.

Runs Fitting.



6bh.

HOPS - Fitting

2016-08-10 19:14 (UT)
Dur: 5.3h / Exp: 70.0s
Filter: R

WASP - 10b

Angelos Tsiaras
Holomon / C11 / ATIK4000

1.02 1
1.01 1
1.00 A
T 0991
©
& 0098
=
§ 0.97 4
5 0.96 1
]
v 0.95 1
2 « De-trended data
@ 0947 . Filtered outliers
= Best-fit model
T (Tp = 2457611.40841, RpR: = 0.16266) o-C:
Expected model -1.2 min
T (Tp = 2457611.40925, Rp/R: = 0.15857)
0.02 4 STD = 5.0 %o
%]
= $ ,
3 0001 th g
wn ’
2 _ t t
—0.02 - AutoCorr = 0.2
T T T T T T T T T
-0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04
phase

Fitting (running)

Light-curve file
PHOTOMETRY/PHOTOMETRY_APERTURE.txt

R
v

EXPORT FOR DATABASES (ExoClock / ETD)

Catalogue param. Enter param. manually o o HOPS - Fitting progress
Planet WASP-10b |
Planet RA DEC
23:15:58.3005 +31:27:46.294 e . . ;
(hh:mm:ss +/-dd:mm:ss) I MCMC Fitting - 2.0 % - time left: 0:05:54
Period [days] 3.0927295 | a
Mid-time [BJD_TDB] 2454664.03804 I
Rp/Rs 0.15857143 |
a/Rs 11.615 |
_ STOP FITTING
Inclination [deg] 88.49 I
Eccentricity 0.0 I
Periastron [deg] 0.0 I
M* [Fe/H, dex] 0.04 |
T* [K] 4675 |
log(g*) [cm/sA2] 4.62 |
Scatter limit ‘3.0 default = 3.0
MCMC Iterations ‘ 150000 default = 150000
MCMC Burn-in
(less than Iterations) ‘ 100000 defadlt. = 00000 O p e I l S
RETURN TO MAIN MENU
SAVE OP RETURN

URN TO PHOTOMETRY

RUN FITTING E




Fitting (running)

At this step you don’t have to do anything but wait for the fitting process to
finish. Here, you can only interrupt fitting by clicking on Stop fitting (a), which
will get you back to the main fitting menu, where you selected the light curve

and the planet parameters.
on completion

@ @ HOPS - Fitting progress > @ @ HOPS - Fitting progress

MCMC Fitting - 2.0 % - time left: 0:05:54 MCMC Fitting - 100.0 % - time left: 0:00:00

GTOP FITTING > RETURN TO FITTING MENU | EXIT

Return to the main fitting Return to the main menu
menu, where you selected

the light curve and the
planet parameters.

a



Output

HOPS will create 3 new files and at least 2 new folders inside your initial data
directory:

log.yaml, all_frames.pickle, all_stars.pickle - supporting files (DO NOT
DELETE THEM!)

REDUCED_DATA - folder that contains the reduced data (DO NOT DELETE
OR ANOTATE DATA in this folder, if you want to do so, work with the raw
data and perform reduction again)

PHOTOMETRY - folder that contains the photometry results, one for each
time you run photometry or saved the photometry results.
PHOTOMETRY_APERTURE_FITTING or PHOTOMETRY_GAUSS_FITTING
(included in the photometry folder) — folders that contains the fitting results
on the aperture or gauss light curves, respectively, one for each time you
run fitting on this specific light curve.

Included in the PHOTOMETRY and the FITTING folders you will find .txt
files with more detailed descriptions of the output.



My Profile
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MY PROFILE

Analyse your data step by step

** SELECT DATA & TARGET **

** RUN REDUCTION **

INSPECT FRAMES

** RUN ALIGNMENT **

** PHOTOMETRY **

EXOPLANET FITTING

** mandatory step **

Extra tools:

OBSERVING PLANNER

Target:

Data:  2016.08.10.wasp-10b.R
WASP-10 - Host of WASP-10b

Completed under v3.0.0

Files discarded: 0

Completed under v3.0.0

Completed under v3.0.0

EXIT

opens

00

observer_key
telescope_key
focal_length_key
aperture_key
camera_key
pixel_width_key
pixel_height_key
filter_key
observatory_key
observatory_latitude_key
observatory_longitude_key
observatory_altitude_key
observation_date_key
observation_time_key
target_ra_key
target_dec_key
exposure_time_key
observation_files
bias_files
dark_files
flat_files

bin_fits

HOPS - My Profile

OBSERVER
TELESCOP
FOCALLEN
APTDIA
INSTRUME
XPIXSZ

YPIXSZ

FILTER
OBSERVAT
SITELAT,LAT-OBS
SITELONG,LONG-OBS
SITEALT,ALT-OBS
DATE-OBS
TIME-OBS
OBJCTRA ,RA
OBJCTDEC,DEC
EXPTIME
Autosave

bias

dark

flat

1

observer

telescope
focal_length

aperture

camera
pixel_width
pixel_height
filter
observatory
observatory_lat
observatory_long

observatory_alt

observatory_time_zone ||

observatory_horizon_s |20
observatory_horizon_sw |30
observatory_horizon_w |40
observatory_horizon_nw |30
observatory_horizon_n |20
observatory_horizon_ne |20
observatory_horizon_e |20

observatory_horizon_se |20

SAVE CHANGES & CLOSE WINDOW



My Profile

If you want to save time when using HOPS you can set default values for some
of the parameters used through the process, like the name identifier for the
observation and reduction frames, of your personal data. At the moment only
those encircled are actively used during the analysis.

(]
observer
telescope

OPS - My Profile

observer_key OBSERVER

telescope_key TELESCOP

focal_length_] focal_lengtht
aperture 1A aperture
camera_key INSTRUME camera )
pixel_width_] RTIASZ pixel_wi
pixel_height_key YPIXSZ pixel_height
filter_key FILTER filter )
%y_key OBSERVAT Xgrvatow
observatory_latitude_key |SITELAT,LAT-OBS observatory_lat
observatory_longitude_key |SITELONG,LONG-OBS observatory_long

observatory_altitude_key |SITEALT,ALT-OBS observatory_alt

DATE-OB observatory_time_zone | |

obgfrvation_time_key TIME-OBS observatory_horizon_s |20

OBJCTRA RA

target_ra_key observatory_horizon_sw |30

OBJCTDEC,DEC

target_dec_key pbservatory_horizon_w |40

exposure_time_key EXPTIME dpservatory_horizon_nw |30

Autosave

observation_files bservatory_horizon_n |20

bias

bias_files pbservatory_horizon_ne |20

dark

dark_files observatory_horizon_e |20

flat_files flat

observatory_horizon_se |20

SAVE CHANGES & CLOSE WINDOW



