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mm f/1.
telescopes, each
imaging 24°x24°.

In total a "sector’ is
24°x96°.

Each sector observed
for 27 days.

First 13 sectors mostly
IN southern
hemisphere.

Meaning of "mostly" will
be covered later.
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Source: TESS Science Support Center



https://tessgi.github.io/TessGiWebsite/operations.html

e Single TESS Pixel is
21 arc seconds

e At Saint Mary's, our
'seeing’ Is typically 5
arc seconds FWHM
(full-width halt-
maximum)

e Photo at right taken
with portable gear at
Barcroft Field Station.
FWHM: 3 arc
seconds.

e For TESS, everything
In the green square Is
a single shade of

gray!
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hitps://www.aavso.org/new-exoplanet-choice-course

Guide and Resources: www.astrodennis.com CHOICE Course Tutorials

= EYouTube Q 2

Sample Exoplanet Transit
Images and Astrolmaged

A Practical Guide to Exoplanet Obseﬁ\ C O nf I g U rat I O n F I | e S .

Bias.zip

by
Dennis M. Conti

[

e Darks.zip
e [lats.zip
[

[

dennis i astrod canis.com
www.astrodennls.com

Sciencelmages.zip
Measurements_Template.zip

Module 7B: Image Calibration using AstrolmageJ
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e Eclipsing Binaries



00 AQL

This is a
magnitude
7 binary
star
system in
Aquila.

1147
images
were taken
at 6-second
exposures
ovVer 4
hours.

Stellarvue 115T on Losmandy GM8




Below left is one of the 1147 images. The target OO AQL is in
green as T'1. The comparison stars are in red as C2 to C6.
Aperture photometry was performed in AstroImaged. Below
right is the lisht curve showing a 50% light drop at mid-eclipse.
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e Fasy largets
e Eclipsing Binaries
e Equipment Upgrades
e Mount and Imaging Train



Software Bisgue Paramount ME MKS 5000 Control System

Good-bye RS-232.
Hello USB.



http://www.bisque.com/sc/shops/store/MKS500Upgrade.aspx

Starlight Xpress

Lodestar X2 Autoguider ZWO ASI1600 MM-Cooled

CMQOS Camera

Optec NGC 316 Reducer/Flattener

Gerd-Neumann
D420 Aurora Flat-Field Panel

Astrodon Clear Blue-Blocking
and Sloan g' r' i and z' Filters

Optec TCF-S3i Temperature-Compensated Focuser Starlight Xpress Mini USB Filter Wheel



https://astrodon.com/products/astrodon-exo-planet-filter/
https://astrodon.com/products/astrodon-photometrics-sloan-filters/
https://www.sxccd.com/the-sx-mini-wheel-oag
https://www.optecinc.com/astronomy/catalog/tcf/tcf-s3.htm
https://astronomy-imaging-camera.com/product/asi1600mm-cool
https://www.sxccd.com/lodestar-x2-autoguider
https://www.optecinc.com/astronomy/catalog/nextgen/ngc316.htm
https://www.gerdneumann.net/english/astrofotografie-parts-astrophotography/aurora-flatfield-panels/uebersicht-aurora-flatfield-panels-overview.html
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e Known Exoplanets



An Exoplanet In Draco

TrES-2

This is an
exoplanet
in a Vmag
11.4 binary
star system
between
Cygnus and
Draco. 541
images
were taken
overe 1/4
hours using
15-second
exposures.

Operator's Console, Meade 0.4m on Paramount ME



images. The target
TrES-2 is in green as
T1. The comparison
stars are in red as C2,
C3, and C4. To the right
is the light curve
showing a 1.6% light
drop at mid-eclipse.

®))TI=1.783E4

= 3)

(normalized) (bin size

rel_flux_T1 + 0.095

1.16

1.14

1.12

1.10

1.08

1.06

1.04

1.02

1.00

0.98

0.96

0.94

TrES-2
2018-07-2021

s rel_flux_T1 Residuals (RMS=0.00284) (chir2/dof=1.12)
« rel_flux_T1 (AIRMASS detrended with transit fit) (RMS=0.00284) (normalized) (bin size = 3)

— rel_flux_T1 Transit Model ([P=0.97], (Rp/R*)A2=0.0133, a/R*=3.6, i=79.5, Tc=2458320.734638, ul=1, u2=0.56)

o rel_flux_C2 (AIRMASS+AIRMASS detrended) (RMS=0.00292) (normalized) (bin size = 3)
sTel_flux_C3 (AIRMASS detrended) (RMS=0.00317) (normatized) (bin size = 3)
« rel_flux_C4 (AIRMASS detrended) (RMS=0.00353) (normalized) (bin size = 3)
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e Eclipsing Binaries

e [FOP Sub Group 1
e Application Materials



Home / Followup / Join TFOP

Apply to Join TFOP

Individuals with the desire, ability, and access to appropriate facilities to
contribute to the TFOP WG can apply to become a TFOP WG member. Applications
should be sent to the chair(s) of the appropriate Sub Group(s) and will be
reviewed by the Steering Committee. An approved member of the TFOP WG may
include more junior scientists as part of his/her research group without the junior
scientists having to apply to be members. In this scenario, the approved member
is responsible for the conduct and behavior of the junior members with whom
he/she is associated, and the junior members are bound by the same conduct and
behavior rules as the approved member. A junior member may apply to be a
member of the TFOP WG on their own; such an application is subject to the same
approval process as any other application.

Applications must contain:

« Astatement that the applicant agrees to abide by the draft TFOP WG
Charter and the draft TFOP WG Publication Policy.

News Mission Observations Science Contact v K

Preferred Applicant Capabilities

Sub Groups have outlined preferred member capabilities. While these capabilities
should not be considered absolute requirements, applicants with the listed
capabilities will be able to efficiently contribute quality data to the TFOP WG.

SG1: Applicants should ideally have access to a facility with the capability to
maintain the position of the field on the detector to within a few pixels throughout
a sequence of time-series observations. On-axis guiding is preferred over off-axis
guiding, but both are preferred over no telescope guiding. Also, pixel scales of 1
arcsec or less are preferred. Applicants should also be capable of calibrating their
own image sets, performing differential photometry, and submitting light curve
plots, finder field images, and photometric data to ExoFOP-TESS.

S$G2: Applicants should ideally have access to a facility that satisfies one or more
of the following approximate guidelines: RV precision better than ~300 m/s (to

https://tess.mit.edu/followup/applv-join-tfo

Application Contents

Statement of Abidance with Policies
Sub Group Interest

Background and Expected Contribution
nstrument and Observatory Description
nstrument Availability

_ocal Team Availability



https://tess.mit.edu/followup/apply-join-tfop/

e Casy largets
e Eclipsing Binaries

e TFOP Submissions
e [alse Positives



TIC
462382587
Add to TOC
Wed. 08- | Finding
08-2018 charts:
(local) Annotated, 1102 08:40—
SkyMap; - 10:03 8330 861 40 o160 i
tlight Fact —11:26 : 339, Py o . 20:20:17.00 Not observed
twilight ExoFOP 2:47 8339919 42°, 241°, +2.7, 943 31 4

/ o ) "'0704560 yet.
04:12- | TESS, Moon 6% +0:16 8339977 26 258 41

12:15 | Simbad, @149°

(UTC) Gaia, TIC,
VSX;

plot, ACP

plan

Once approved you will have early (NDA'd) access to SRR
information from: v e R

e [TF (TESS Transit Finder) (sample TTF entry above and
sample annotated finder chart to right)

e ExoFOP TESS (Exoplanet Follow-up Observing Program)

e TOIl Alerts (TESS Objects of Interest)

Using this information, identity promising targets for your
observatory. Then enter your observing plan for the next
1-2 nights using:

° TOC (TESS Observatlon Coordma’[or) 20'20:16.706880 07,04 56.457840. ,: " - " S Large-circle s 1" radius



TIC

406:258:58"7

This is a "Priority 4" target
imported into the TESS
Transit Finder (TTF) from

the K]

LT false positive

catalog. The star has
Vmag 10.9.

841 images were taken at
20-second exposures
across 5 hours.

Stellarvue 130T on Paramount MYT

at Barcroft Field Station



https://www.wmrc.edu/facilities/bar/default.html

9 Work Products For Each Submission

e Full Field (png or jpQ)

e /oomed-in Field (shown at upper right) (png or
ele)

e Seeing Profile (shown at lower right) (png or jpg)

e Plate-solved FITS file (fits)

e Apertures for Target and Comparison Stars
(Astrolmaged format)

e Plot Configuration Used to Produce Final Light
Curve (Astrolmaged format) ey T

e Measurements File (xIs) | | | |

e [ ight-Curve (shown in subsequent slide) (png) ol soxcrano

e Observation Notes (txt)

As a TFOP SG1 member, you will adhere to TFOP
SG1 Observation Guidelines summarized and
authored by Dennis Conti and reviewed by Karen
Collins, TFOP SG1 Chair. This guide is designed to
help all team members achieve uniform results.

aaaaaaaaaaaaaaaa



http://astrodennis.com/TFOP_SG1_Guidelines_Latest.pdf
http://astrodennis.com/TFOP_SG1_Guidelines_Latest.pdf

TIC 462382587 on UT2018-08-09 in CBB
Hofelmann and Hill, Saint Mary's College of California, Geissberger Observatory

a rel_flux_T1 (AIRMASS detrended with transit fit) (RMS=0.01828) (normalized) (bin size = 3)
oY = rel_flux_T1 Transit Model ([P=9.43], (Rp/R*)A2=0.2160, a/R*=22.5, i=87.0, Tc=2458339.92323, [ul=0.3], [u2=0.3
ﬂUX deflCIt on target 120 == rel_flux_T1 Residuals (RMS=0.01828) (chiA2/dof=134.5) |
1 _ H « rel_flux_C3 (AIRMASS detrended) (RMS=0.00739) (normalized) (bin size = 3)
at mld tranSIt Lislk . * rel_flux_C4 (AIRMASS detrended) (RMS=0.00944) (normalized) (bin size = 3)
. . H ’ « rel_flux_CS (AIRMASS detrended) (RMS=0.008) (normalized) (bin size = 3)
e This s consistent  rel_flux_C6 (AIRMASS detrended) (RMS=0.00982) (normalized) (bin size = 3)
. .10} - * rel_flux_C7 (AIRMASS detrended) (RMS=0.0143) (normalized) (bin size = 3)
Wlth What WaS fOUﬂd + rel_flux_C8 (AIRMASS detrended) (RMS=0.01131) (normalized) (bin size = 3)
1 + rel_flux_C9 (AIRMASS detrended) (RMS=0.01013) (normalized) (bin size = 3) A
by the KEI_T team 1.05 | — AIRMASS (arbitrarily scaled and shifted) A
. . S
&
e Fit parameters give o e
' YT I b e
stellar radius - | :
. 1 : '
approximately 5.3x g 095 i ; ..
w lee* 2, . o
[ i 1 £ SN Y 0S°0\a~\ 05’ v, ., oo Nete IO
radius of Ju piter. 8090 —————————— 2= e "tax..,ﬁ o L SN e NS °.!§*'€,°:°:’—.:,.—-.- te s
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0 . 4 ) 2 LR o ’ ’ o ' I, Y gy Y9l y )
| i
consistent with a : M '
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planetary ! e TR RN T *fﬂvf
- - \ g ] ' b, I
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0.60} |
1 Karen Collins, private
communication, 0551 : J
20‘] 8_1 0_20 Predicted Predicted b 11
' 0.50 Ingress Egress

0.80 0.82 0.84 0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02
Barycentric Julian Date (TDB) - 2458339



TIC 10054546

This is another "Priority
4" target imported into

the TTF from the K]

LT

false positive catalog.
The star has Vmag 11.4.

2037 images were taken
at 5-second exposures

across four hours.

& 715

& 3%r7 o

@18+ &
RS £ T10

11 @12

Meade 0.4m on Paramount ME
with MKS 5000 Control System



TIC 100234546 on UT2018-10-12 in CBB
Hofelmann and Hill, Saint Mary's College of California, Geissberger Observatory

a rel_flux_T1 (AIRMASS detrended) (RMS=0.00559) (normalized) (bin size = 6)
a S n O r an S | 115t o rel_flux_T3 (AIRMASS detrended) (RMS=0.09414) (normalized) x(0.5) (bin size = 6) .
« rel_flux_C11 (AIRMASS detrended) (RMS=0.00541) (normalized) (bin size = 6)

+ rel_flux_C12 (AIRMASS detrended) (RMS=0.00535) (normalized) (bin size = 6)
O b serve d _ 110} * rel_flux_C13 (AIRMASS detrended) (RMS=0.00573) (normalized) (bin size = 6) ]
+ rel_flux_C14 (AIRMASS detrended) (RMS=0.00478) (normalized) (bin size = 6)
« rel_flux_C15 (AIRMASS detrended) (RMS=0.00543) (normalized) (bin size = 6)

® Com pari Son 105 | — AIRMASS (arbitrarily scaled and shifted)
stars C11 to . N T TN

] 00 n Y TOMFACN MO e O A s s a SR A b s AdRe. ENAAA Sah b LA TSR ST, SN aaSidas BT
. o s ¥ VYA T i, v T A Vvl e A TV A Tl = Wl VR e T Vi A AR R e S T 3
" AT ) A 3 AR X RHERE, ]
ST TR L. o A e AR N A 3 5 Y iy

C15 are flat. | ¥

=
2l
=4
.
!
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 Nearby star R w N i '
T3 shows a -}fm-m P r ’M - ch
large L T a4 el
fluctuation. %0-80- IR rl’“ b e e U -J‘mh]upju}' -
* [n this plot the |

fluctuations of 7o) e
star T3 have i

been reduced L |
INn scale by
50% | e TEess | |

0.74 0.76 0.78 0.80 0.82 0.84 0.86 0.88 0.90
Barycentric Julian Date (TDB) - 2458403 (mid-exposure)



e [3is40 arc

seconds away
and 3.7
magnitudes
dimmer than the
farget.

The period of T3
IS consistent with
the period
predicted for the
exoplanet transit.

e A good example

of a nearby
eclipsing binary
creating a false
positive.

Zoomed-in Field Showing Relationship of T3 to T1



e £asy largets
e Eclipsing Binaries

e | ooking Ahead
e T[rickle then a Bonanza



TESS 2-year sky coverage map

WST ...

Source: TESS Science Support Center

continuous §_ %
viewing zone *==°

members are already making
many transit observations on
every night.

Northern hemisphere TFOP SG1
members as far north as Texas
have made observations of a few
targets low on the southern
horizon.

In the meantime, K2 follow-on
mission targets are being shared
viathe TTF

Apologies to southern-
hemisphere observers for our
northern-nemisphere-centric view.


https://tessgi.github.io/TessGiWebsite/operations.html

10/19/18 11/15/18 55.0070, -36.6420, 41.8084, -2.7600

-157.1698
5 11/15/18  12/11/18 17,18 73.5382, -31.9349, 67.0563, 3.5339 %
-168.9483 \ £
5
6 12/11/18  1/7/19 19, 20 92.0096, -30.5839, 92.8145, 5.4079 ~limm— O
178.6367 o
Q
3
7 1719 2/219 21,22 110.2559, -32.6344, 118.1810, O
166.4476 2.5749 m
8 2/2/19  2/28/19 23,24 128.1156, -37.7370, 142.3675,
155.3091 -4.1754

Source: TESS Schedule of Operations

e (Camera 1's declination is marginally positive November-February (Sectors 5-7).

Looking Ahead — Bonanza Fall 2019

e The year-long bonanza of positive declination targets starts Fall 2019 (Sectors 14-26)!
e Prospective TFOP SG1 members still have the better part of a year to set up!


https://tess.mit.edu/observations/

Funders! All of the work shown was made possible by funders, specifically:
e Saint Mary's College School of Science

e Saint Mary's College Olowin Memorial Project
So grateful to manufacturers! These people don't just make products —
their expert support was essential to assembling a system that can achieve
sub-1% transit-depth photometry, especially:

e Hollywood General Machining (Losmandy GM8 mounts)
e Software Bisque (Paramount MYT and ME mounts)
[
[

Starlight Xpress (Lodestar X2 autoguider and USB mini filter-wheel)
Stellarvue (SV115T and SV130T apochromatic triplets)

e QOptec (NGC 316 flattener/reducer and TCF-S3i focuser)
Researchers! These people are investing huge amounts of time creating
opportunity for prospective TFOP members, especially:

e Jessie Christiansen, NASA Exoplanet Science Institute

e Karen Collins, Harvard-Smithsonian Center for Astrophysics
AAVSO Community! Without these meetings we simply wouldn't have
known what science our observatory is best suited for, especially:

e Dennis Conti, Exoplanet Section Chair

e The AAVSO Staff



https://www.stmarys-ca.edu/school-of-science
http://physics.stmarys-ca.edu/observatory/index.html
http://www.losmandy.com
http://www.bisque.com/sc/pages/ParamountLandingPage.aspx
https://www.sxccd.com/the-sx-mini-wheel-oag
https://www.stellarvue.com/telescopes/
https://www.optecinc.com
http://web.ipac.caltech.edu/staff/christia/
https://www.cfa.harvard.edu
http://astrodennis.com
https://www.aavso.org

Web-accessible documentation:

A Practical Guide to Exoplanet Observing, Revision 4.2, Dennis M. Conti
Astrolmaged 2.4.1 User Guide plus Getting Started with Differential Photometry
Astrolmaged Cookbook, Grady Boyce and Dennis Conti

Exoplanet Observing for Amateurs, Second Edition (plus), Bruce L. Gary

Web-based tools:

e Eclipsing Binary Ephemeris, Milwaukee Astronomical Society
e [Exoplanet Transit Database, Variable Star Section, Czech Astronomical Society

Online training:

e Exoplanet Observing CHOICE Course, AAVSO



http://astrodennis.com
https://www.astro.louisville.edu/software/astroimagej/guide/AstroImageJ_User_Guide.pdf
http://astrodennis.com/AIJCookbook.pdf
http://brucegary.net/book_EOA/x.htm
http://milwaukeeastro.org/variable/binearyEphemeria.asp
http://var2.astro.cz/ETD/
https://www.aavso.org/exoplanet-observing-choice-course
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