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How I became an
Amateur Planet Hunter

Yen-Hsing (Julius) Lin (UCSD)




A brief self introduction
» Yen-Hsing (Julius) Lin
» 1styear PhD student

working with Dusan Keres.

» Research:
» Interests:
galaxy evolution, cosmic ra
» Methods: numerical simulations
» Also works on a little bit of exoplanets...?

Why? This is the intersection of 3 story lines...



Story 01:

My Journey to
Amateur Astronomy




My Journey to amateur astronomy

» Early fascination with physics and
astronomy.

» High school: Traded stars for sports.

[ was in table tennis club instead of astronomy.

» College:

I can finally join the astronomy club!

— One major decision that made me

who I am right now.



Key techniques learned:

Assemble and operate small telescopes.

End-to-end knowledge on optical observation.

[ was one of the few students in the IoA
who had both:

» Professional astrophysics training

» Practical experience in amateur

astronomy.

An-Ting Hsu 5)



Want to get a free trip for star

gazing and teach some high

school students astronomy?

Senior master 1st year master
student student




Story 02:

The TOP Project




ot
LU

Challenges / opportunities for urban observatories

There are many observatories in Taiwan, but not all of them are fully utilized.

limited expertise, human resources, and urban light pollution

Taiwan astronomical Observation collaboration Platform (TOP)

help unlock the full potential of these observatories.




How to solve the problem?

Direction 1
Provide knowledge / build a community

among current observatory operators/owners.

Direction 2

Train passionate high school students to become future observers.



Wen-Hsin Chen

2022 Summer Camp

» We worked with astronomy
club of a local high school.
» Six days long, from
» Physical principles
» Planning observations
» Conduct observations
» Calibration / analysis
» Presentation

» End-to-end training
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Question: what should be their final project?

We want them to utilize all the knowledge they learn during the camp.
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Wen-Hsin You can observe exoplanet

transits with small (~10 inches)
telescopes!?

Senior master
student

1st year master
student




Story 03:

The ExoClock Project




. EXopianets!

» One of the hot topic in astrophysics.
'-‘G(.)nnecting to the big questions:
» » Where do we come from?
- » Are we alone |
» Since 1995, we have found ~6000 exoplane
~ Most are found by the transit method.
> Kepler/KZ mission
> TESS mission

NASA/Ames/JPL-Caltec'h
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Transmission spectroscopy

Spectra during transit — exoplanet atmosphere
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Ariel mission

» ESA's exoplanet atmosphere survey telescope.

» To be launch to Sun-Earth L2 in 2029 along
with Comet Interceptor.

» NIR - MIR transmission spectroscopy on
>1000 exoplanets in 4 years. Massive survey!

» But there is a challenge: the ephemeris!




Challenge: Ephemeris!
Imagine a planet had a transit with duration 1 hr at 2010.01.01 00:00.

The period is measured to be 1 day = 1 second.

.
~5500 days : ‘ :

Tnid,0 = 2010.01.01 00:00 2025.01.01
P=1day £ 1sec

If you want to observe it on 2025.01.01, what is the transit time uncertainty?
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The time you actually need

IRARRRR

\_/

—

You have to spend extra time to
avoid missing the transit




The ExoClock Project
» Open science project under Ariel / ESA. _“ﬁ“ [,f"'
» Maintain good ephemeris for Ariel scheduling. ul ~

» Perform follow up observations on Ariel targets using
telescopes from both professional and amateur community.
» Process:
» ExoClock: provide customized schedule for each contributor.
» Contributors: observe, analyze, and upload lightcurves.

» ExoClock: collect and analyze thousands of data and publish.



My Schedule

Showing all the planets that are accessible by your telescopes in the next 24 hours.
For a more generic scheduler visit the ExoWorlds Spies Scheduler

Equipment information 4

NTHU Observatory - Showa 10" - ASI6200MM Pro

Obs?r‘{at'on Latitude: 24.794180844238777°, Longitude: 120.99191026682676°, Telescope aperture: 10.0"
priority: Effective telescope aperture (hased an 1 verified observations): 10.0"
ALERT
H'GH » Observation is suggested to cover at least 1 hour before and after the transit event.
[l 59 ] A
LOW Observing times [ UTC+8.0 ] and target position T
Planet - 1h Before Transit Mid Transit 1h After
elaus
& ExoClock status Ingress Start Transit End Egress
2024/05/26 2024/05/26 2024/05/26 2024/05/26 2024/05/26
RA: 16:21:45.7780 hours (J2000) ; i . 5 :
K2-31b (HIGH) ) . 20:23 21:23 21:52 22:22 23:22
DEG:»23:32:52.300 degrees (12000) Alt: 19° Alt: 29° Alt; 33° Alt: 36° Alt: 41°
Min. aperture: 7.7" 2
P Magg: 10.232 mag Azi: 128° (SE) Azi: 139° (SE) Azi: 145° (SE) Azi: 152° (SE) Azi: 169° (S)

Total Observations (Recent): 14 (1)

Depthg: 8.26 mmag

0-C: -0.06 £ 0.97 minutes — Duration: 0.98 hours

Transit timing uncertainty. <  Target brightness in R-band.«
Transit depth in R-band.«

Transit duration for this event. <

Max counts increase during observation: R:15% V:32%

Moon illumination: 89.8%, Moon distance: 34.6°

- Words in red means the altitude is too low or the sky isn’t dark.



TOI-3819b Low)
Min. aperture: 13.43"
Total Observations (Recent): 10
3
0O-C: 0.59 + 1.05 minutes

RA: 08:07:27.1889 hours (J2000)
DEC: +29:23:19.472 degrees (J2000)
Magpg: 12.441 mag
Depthg: 6.35 mmag
Duration: 2.78 hours

2025/02/22 2025/02/22
2025/02/22 2025/02/22 2025/02/23

19:44 20:44
22:08 23:31 00:31
Alt: 61° Alt: 74°
. . Alt: 83° Alt: 67° Alt: 54°
Azi: 71° Aazi: 65° . . .
Azi: 331°  Azi: 290°  Azi: 288°
(E) (NE)
HA: HA: (NW) w) w)
HA: 0.25h HA: 1.65h HA: 2.65h
21.86h 22.86h

Meridian crossing at: 2025/02/22 21:50
Max counts increase during observation: R:1% V:3%
Moon illumination: 32.2%, Moon distance: 147.2°

HAT-P-30b .ow)
Min. aperture: 5.0"
Total Observations (Recent): 58
(O]
0-C: -0.03 + 0.48 minutes

RA: 08:15:47.9805 hours (J2000)
DEC: +05:50:12.352 degrees (J2000)
Magg: 10.104 mag
Depthg: 11.97 mmag
Duration: 2.25 hours

2025/02/22
2126 2025/02/22 2025/02/22 2025/02/23 2025/02/23
’ 22:26 23:33 00:41 01:41
Alt: 70°
. Alt: 71° Alt: 62° Alt: 48° Alt: 34°
Azi: 153° . . . .
(SE) Azi: 200°  Azi: 235°  Azi: 252°  Azi: 261°
bA ® W W W
) HA: 0.42h HA:1.54h HA:2.67h HA: 3.68h
23.41h

Meridian crossing at: 2025/02/22 21:58
Max counts increase during observation: R:0% V:0%
Moon illumination: 31.7%, Moon distance: 136.8°

HD93963Ac (HIGH)

Min. aperture: 40.91"
Total Observations (Recent): 0 (0)
O-C: -

RA: 10:51:06.5136 hours (J2000)
DEC: +25:38:28.189 degrees (J2000)
Magg: 8.821 mag
Depthy: 0.94 mmag
Duration: 2.27 hours

2025/02/22 2025/02/22 2025/02/22 2025/02/23

19:4 20:49 21.57 23:05 00:05
o Alt: 39° Alt: 54° Alt: 69° Alt: 83°
. Azi: 75° Azi: 78° Azi: 79° Azi: 71°
Azi; 72°
© (E) (E) (E) (E)
i : HA: HA: HA:
HA: 19.2h
20.21h 21.34h 22.48h 23.48h

Max counts increase during observation: R:13% V:28%
Moon illumination: 32.3%, Moon distance: 111.2°

TOI-1272b HicH)
Min. aperture: 25.69"

Total Observations (Recent): 6 (0)
0-C: -2.94 + 1.2 minutes

RA: 13:16:47.1902 hours (J2000)
DEC: +49:51:39.739 degrees (J2000)
Magpg: 11.618 mag
Depthg: 2.97 mmag
Duration: 1.57 hours

2025/02/22 2025/02/22

2025/02/23 2025/02/23
2025/02/22 /02 >/02/

21:38 22:38 9325 00:13 01:13
Alt: 23° Alt: 33° ’ Alt: 48° Alt: 56°
. . Alt: 41° . .

Azi: 44° Azi: 45° . Azi: 40° Azi: 32°
Azi: 43°
T
HA: HA: HA: HA:
HA: 20.4h
18.61h 19.61h 21.18h 22.19h

Max counts increase during observation: R:13% V:28%
Moon illumination: 31.7%, Moon distance: 97.7°

NGTS-10b (cow)
Min. aperture: 12.28"
Total Observations (Recent): 19
4)

0-C: -3.62 + 0.31 minutes

RA: 06:07:29.3376 hours (J2000)
DEC: -25:35:41.676 degrees (J2000)
Magg: 14.2 mag
Depthg: 27.81 mmag
Duration: 1.09 hours

2025/02/22 2025/02/22 2025/02/22 2025/02/22 2025/02/22

19:55 20:55 21:27 22:00 23:00
Alt: 41° Alt: 39° Alr: 36° Ale: 32° Alt: 23°
Azi: 181°  Azi: 198° Azi: 207°  Azi: 214°  Azi: 296°
(8) () (sW) (sW) (SW)

HA:0.03h HA:1.03h HA:1.58h HA:213h HA:3.13h

X ring observation: R:0% V:0%
Moon illumination: 32.5%, Moon distance: 125.3°

Qatar-6b ow)
Min. aperture: 5.0"
Total Observations (Recent): 42
(11)
0-C: 6.52 + 0.17 minutes

RA: 14:48:50.4764 hours (J2000)
DEC: +22:09:09.160 degrees (J2000)
Magp: 11.161 mag
Depthg: 19.68 mmag
Duration: 1.59 hours

2025/02/22 2025/02/23 2025/02/23 2025/02/23 2025/02/23
23:48 00:48 01:35 02:23 03:23
Alt: 25° Ale: 38° Alt: 49° Alt: 60° Alt: 74°
Azi: 75°  Azi: 80° Azi: 83° Azi: 86° Azi: 91°
(B (E) (E) (E) (E)
HA: HA: HA: HA: HA:
19.23h 20.24h 21.03h 21.83h 22.83h
Max counts increase during observation: R:13% V:27%

Moon illumination: 30.9%, Moon distance: 66.2°

Each night there might be 10-ish transits to observe
(depends on location and telescope capability)



WASP - 12b 2023-11-05

Yen-Hsing Lin® (Institute of Astronomy, National Tsing Hua

University), Shih-Ping Lai (Institute of Astronomy, National Tsing Hua
University) on behalf of Taiwan astronomical Observation collaboration

Platform (TOP)

NTHU Observatory [ Telescope: Showa 10 cm (5.0")
Camera: ASI183MC / Filter: Lum / Exp.: 1200 s
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Relative Flux
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TOP ExoClock Observations (2025-02-20, 164 obs.)
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ExoClock Observer Rank (2025-02-20)

B Yen-Hsing Lin (Rank 21, 93 obs.)

1750 -
There are 400+ contributors in ExoClock
1500 -
1250 -
1000 -

750 A

500 -

Number of Observations

250 -
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Chi-Yun Chen

Not just for myself
» 1 recruit (?) 2 young talented

(academia + amateur) students as
my Co-I.

> I get the data, they get the chance to
enjoy the observations.

> I also asked them to bring other
students (from e.g. various astronomy
clubs) to learn about observational

astronomy.




Program ID S156 | PI: Yu-Hsiu Huang
2 nights at Steward Observatory 61 inches telescope

Steward Observatory 38




Summary

» How I became an amateur planet hunter?
» NTHU Astronomy club: teaches me the techniques.
» TOP 2022 summer camp: provides the opportunity.
» ExoClock: clear goal and rewards.
» Playing around with the real observation data is refreshing.
» If you happens to have some telescopes but not knowing what to do

about them, joining ExoClock might be a decent direction.
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