Lulin observatory's rapid response
to extreme transients
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Astronomy community in Taiwan

The laiwamAstieol > = =

BA/s

Community 2025 Taiwan Normal Univ. (&72ETEEAER): 7

Academia Sinica (FF RAFFEF5R): 35 &
Chengchi Univ. (B AZ2): 1

Central Univ. (R KE3): 8 —
Tsing-Hua Univ. (EEAE): 10 .

Yang Ming Chiao Tung Univ. ((5RE2ZZE): 1

Chung-Hsing Univ. (FH B A E2): 1

&

Cheng Kung Univ. (B INAKEE): 2
Sun Yat-sen Univ. (FLLIKEE): 3

Changhua Univ. of Education

(BZ{CRTEEAZ): 1

Taitung Univ.
(BERAE): 1
« Numbers are full-time faculty members

eligible to act as NSTC project Pls.

« There also exist faculty members that are not
Pl-eligible, and also non-university

astronomers who are Pl-eligible. ; s
credit: Wei-Hao Wang last update: March 2025
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Lulin Observatory

EE#A = deer forest

Lulin Atmespheric-Background Station
EPA

> S }-‘a 3m RoCIEE
0.5m RIF‘K’ P TAM
!HNCKU | e
cell bttp'“bnm ‘

- 0.4m LWT
NCU

'pHBf'B by Hatijie Tan

120° 52 25" E - average seeing 1.39 arcsec
23°28°07" N - in average 193 observational nights (1547.16 hours) per year
- sky darkness U = 21.78 £ 0.30, B = 22.01 = 0.08, V = 21.28 =
altitude: 2862m 0.06, R = 20.91 = 0.05, | = 19.40+0.06 mag arcsec-2
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Lulin Observatory

544 = deer forest
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Lulin Observatory
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Lulin Observatory
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Kinder (kilonova finder) project

Einstein Probe
Fast X-ray
Transients

Swift short ATLAS transients
Gamma-Ray Bursts within 100 Mpc

SLT photometry
with u,g,ni,z

optical counterpart fast-fading light curve

0.4-m SLT at Lulin Observatory, Taiwan

e Pl: Janet Chen

e Collaboration with Chow-Choong
Ngeow, Yen-Chen Pan, Lulin staff (all
NCU), Sheng Yang (HNAS), Stephen sgj:f‘fr‘r’::t‘l’;"c
Smartt & ATLAS, Pan-STARRS

(Oxford-QUB) teams, Albert Kong
(NTH U) discover a kilonova!
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AstroNote alert
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Great and Rare Exotlc Astronomlcai Trénslenté
Iaberatory

Q‘.u

Introduction of Our Group

“In observing the changes, we realize that the heavens and earth cannot be contained in a single moment; in observing the constants, we
understand that all things, including ourselves, are boundless." ---Su Shi, "Ode to the Red Cliffs."

The Universe is filled with dazzling and spectacular celestial explosions. When do they occur? Why do they happen? Where do these
eruptions take place? And what unfolds after their occurrence?

https://sites.google.com/view/great-lab/home

Kinder Data Server http://kinder.astro.ncu.edu.tw



GRB 231117A

- short-GRB, te = 0.67 +/- 0.07 sec 7 39 hours after the SW|ft trlgger
- Kinder discovers the GRB afterglow! Gy, DN A
- Z = 0.257 from the host

= one of the closest sGRBs observed to date
- ENGRAVE with JWST/HST

- G. Anderson is leading the draft

24

GRB 230307A KN model at Z=O.25'}
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Kinder follow-up observations
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more Kinder follow-up observations

11

13

AB Magnitude + Offset + Dust Cor.

191

Gamma-ray burst
(Fulton et al. 2023,
ApJL)

Tidal Disruption Event

15t

171

(Pasham et al. 2023,
Nature Astronomy)
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100

Observer-Frame Time (days)

AT 2022cmc

Janet Ting-Wan Chen

SN Precursors

(Brennan et al., submitted

arXiv:2503.08768)

Time since Explosion Epoch [MJD: 59588.9]

—18 + acercton model [foce = 100d] - 1mag o 110 b sxo020pvb (1) /&_\\
(Moriya & Blinnikov 2021)
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Einstein Probe (EP) instrument

Wide-field X-ray Telescope Follow-up X-ray Telescope
WXT (12 modules) FXT (2 units)

Wolter-1 + pn-CCD (eROSITA)

FoV: ~1 deg

Band: 0.3 - 10 keV

Resolution: ~ 24" (HPD, on-axis)

Effe. area: ~300 cm2 @1keV (x 2 units)

Lobster-eye MPO + CMOS
FoV: ~3600 sqg deg (1.1 sr)
Band: 0.5 - 4 keV
Resolution: ~ 5' (FWHM)
Sensitivity: ~1mCrab @1ks

twelve WXT modules surrounding two FXT telescopes

Yuan et al. 2022
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Kinder optical counterpart search
for Einstein Probe X-ray transients

EP240414a
(Srivastav & Chen & Gillanders et al.
ApdL, 2025.)

EP240315a
(Gillanders et al., 2024, ApdL)
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Kinder optical counterpart search
for Einstein Probe X-ray transients

Lulin follow-up:
* 42 In total
e 12 optical detections,
among them we discovered 5 optical counterparts!

EP - Lulin sample
(Aryan et al., in prep.)

TS

é,, e 30 upper limits
* Optical counterparts are generally faint, typically below 20 mag
N\, and fade rapidly.
e Most EP FXTs may be linked to GRBs or jetted TDEs.
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Kinder optical counterpart search
for Einstein Probe X-ray transients

L]
method I: catalogue match method ll: template subtraction
[ ) @ SAOImage ds9
sile cutout_282.5960_66.0810.fits
Jbject
Jalue 0.0157822
NCS
hysical X y
mage X y
“rame 2 X 0.134588 0 2
file edit view frame bin zoom scale color wcs illustrate analysis help

information front back all none invert open save list delete all

Left:- LOT image Right:- DESI LS template Kinder pipeline
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Kinder optical counterpart search
for Einstein Probe X-ray transients

method lil:
by eye!
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The story of
SN 2024494

Padova / 1st Apr. 2025

Janet Ting-Wan Chen

Kinder (kilonova finder) project

Einstein Probe
Fast X-ray
Transients

Swift short ATLAS transients
Gamma-Ray Bursts within 100 Mpc

SLT photometry
with u,g,ni,z

optical counterpart fast-fading light curve
AstroNote alert
spectroscopic r +]E§+
confirmation QSS O
discover a kilonova!
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SN 20249ggi

Discovery and Extensive Follow-Up of SN 2024ggi, a nearby type IIP supernova in NGC 3621

TiNG-WAN CHEN (FE#) ©.! SHENG YaNG (172%) ©,2 SHUBHAM SrRivasTAv 22 TakasHr J. Moriya (2,456

STEPHEN J. SMARTT & 37 Soria ResT ® 8 ArRMIN REsT,”1® Hsiné WEN LiN (FRE L) @1 Hao-Yu Miao (BfEs) @1
Yu-Cui CHENG (BfFHH) @113 AMar ArvyaN @' CHIA-YU CHENG (BFZ ), MORGAN FRASER (21
Li-CHING HuaNnG (FEZFE) @ %1% MENG-HAN LEE (ZEH#),! CHENG-HAN Lar (BEEE#),! Yu-Hsuan Liv (Z|5&Ef) @ L1
A1swARYA SANKAR.K,! KEN W. Smrta 2" HELoiSE F. STEVANCE @27 ZE-NING WANG (EFET),2 16
JosepPH P. ANDERsON 2 171 CuarLoTTE R. ANcus 2. THoMASs DE BOER,?° KENNETH CHAMBERS, 2’
Hao-YuaN Duan (Bifot) @22 Niconas Erasmus 2,22 MicHAEL Furton 2.1 Hua Gao ©,2° JoaNNA HERMAN,Z
WEI-JIE Hou (B12#),! HsiaNG-Yao Hsiao (FE#I#E),! MArk E. HUBeER 2% CHIEN-CHENG LIN (FREF) 220

HuNG-CHIN LIN (FRZE8K),! EUGENE A. MAGNIER,? KA KiT MaN (L) © 2 THomas Moorg (21924
CHOW-CHOONG Nceow (fJKEE) @' MarT NicnorL @' Po-SuEnG Ou (EAS-) ©@,%> 1 GruLiaANO PIGNATA,

YU-CHIEN SHIAU (#§ F5#),%" JULIAN SILVESTER SOMMER & ?® JouN L. TonNry © ?° X1a0-FENG WANG (THEEE)
RicHARD WaAINscOAT,?® Davip R. Younc @' You-TiNe YEH (E#HiZE),* AND Jusia Zuanc (Gf/EH) @323

26,18

29,30
bl

e SRR accepted in ApJ; arXiv:2406.09270
Cheng-Han Lai Meng-Han Lee Alex Yu-Hsing Lee
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ATLAS discovery

SN 202494

The SN was caught 5.8 (+1.9-2.9) hours
Host gal NGC 3621
atog 63a+7_x)(; 3 Mpc after its explosion by the ATLAS survey!

CHL

El Sauce Observatory, Rio Hurtado, Chile
~70.7650°E 30.4710°S | |
Observatory Code W68

a rapid intra-night rise of 1.03 mag
over a span of 2.64 hours
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Participation of citizen scientists

t;,‘ Janet Ting-Wan Chen-Niederschweiberer

\s@g‘ .12 April - Q

===2024/04/12 21:25 (UTC+8)
BRITFDE > BFHE2BRER=ENBZEEFT |

RERZZIRAPERTEHM T 2 ZANGC 3621098 FT 2SN 20249gi » HEIEEZN14ESE |

FEESSh | REEFAERIEEREEESEBMENE » BUDIRIHE
B! ! ! RKEARE -

o  Eam

4 /16548 » FHMERRERR

acknowledgments

Janet Ting-Wan Chen
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LT

0.2 r-i
0.0

—0.2 1

Color (mag)

—0.41

Rest-frame days since explosion

| « EQMOD ASCOM HEQ5/6: 13cm

o jTelescope 33: 32cm

e Taipei Astronomical Museum/
RC12: 30cm

 Checheng Elementary School/
Planewave CDK17: 43cm

Citizen scientists are coauthors
in the paper!
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Participation of citizen scientists

troNote 2023-175

700nm, and the RGB filters roughly equally divide th
ce images were reduced under the standard CCD reduc

JEDS Al 11UL €AaalLly ULl1E dallle, uley alc 111usuly CULISISL Wi

2023-06-16 120230 Type: Object/s-Discovery/Classification  Bibcode: 2023TNSAN.175...1C ction and flat calibration. After removing the instrume:
photometry zeropoints against SkyMapper photometry

_ T T , , b with Gaia star catalogs and SkyMapper source catalog;
Authors: Ting-Wan Chen (TUM/MPA), Sheng Yang (HNAS), Hsing-Wen Lin (UMich), Chia-Ming Chang, Yen-Hsing Lin, Shih-Ping Lai (all NTHU), Hsiang-Yao Hsiao (IANCU), Wen-Li - N =

Kuo, Chu-Yuan Lee, Meng-Chen Lin, Shih-Chao Lin (both SHCH), Yu-Chien Shiau, Winson Tsai (Nick-Winson Observatory), Pai-Ling Wang, Yu-Chi Cheng (NTNU), Chow-Choong  JaTIB BB 8T S 1ACRR He Sk\n\lappel‘ phOt ometrv svstem bv solvin
Ngeow, Yen-Chen Pan, Chi-Sheng Lin, Wei-Jie Hou, Hung-Chin Lin, Jhen-Kuei Guo (all IANCU) v v v

Early-time follow-up observations of SN 2023ixf from Taiwan

Source Group: Kinder , , — o
Meiti — Mgm — C'O + Cl (g - 7)8771.-

Keywords: Transient

Abstract: We present the early-phase photometry of SN 2023ixf based on images obtained from amateur astronomers and school observatories in Taiwan. Our collected light
curve, spanning from 2023-05-20 to 2023-05-21, exhibits a clear rising trend of approximately 2 magnitudes for SN 2023ixf.

2
We have provided the instrument configuration details and the converted PS1 r magnitude of SN 2023ixf in the table below: Meits — Megm = C() + C 1 ( g — ‘7’) sm + CQ ( g - ‘7‘) sm

Date Time = MJD Converted @ Observer(s) Filter Telescope Instrument Exp .. . . . .
o = lCitizen science images and SkyMapper magnitude, respe

v R e e a e e s R e e s 111 a1 O s coctticient of the quadiaric terne For the

2023-05-20 = 14:35 = 60084.608 = - Pai-Ling Wang open escape eQuinox Galaxy A30s 240:

o

sm 0.19 (g — 7) ., rms

T R I R R R R R R R R R R R R R R R R e R R T L ‘) S
2023-05-20 @ 14:51 - 60084.619 @ 13.5+/-0.3 . Winson Tsai open Epsilon-180ED F/2.8 Player One Poseidon-M Pro = 120: — T sm = — O 4 O + O . 6.3 ( g sm

—7r )
2023-05-20 | 14:58 | 60084.624 = 13 +/-1 Chu-Yuan Lee open EQMod Mount ZWO ASI 533MC Pro 600
2023-05-20 . 16:38 | 60084.693 = 13 +/-1 Wen-Li Kuo STC Astro Multispectra : Zenithstar 81 APO ZWO ASI 2600MC Pro 300 — T sSm — O . 2 7 + O . 72 (g — 17 ) Sm s rms = O . 1 1
2023-05-21 : 04:10 60085.174 : 12.8+/-0.2 : Yu-Chien Shiau Red iTelescope T11 Planewave CDK 510mm : FLI ProLine PL11002M 180: 2

-_— . - - | — ¢, = —D20—=000 0y — i, s = 007
2023-05-21 © 13:19 - 60085.555 @ 11.8+/-0.3 = Hsiang-Yao Hsiao (Kinder; AstroNote #2021-92, Chenetal) : r Lulin 40cm SLT Andor SDK2 60x “ “

2023-05-21 14:01 60085.584 : 11.5+/-0.3 | Meng-Chen Lin, Shih-Chao Lin Takahashi Mewlon-250 ZWO ASI533MM Pro 180: - - _ o Y & ——
tsm = 0.02—=0.02 (r — 1) gm, rms = 0.08,

2023-05-21 @ 15:08 : 60085.631 : 11.8+/-0.4 ‘Winson Tsai Epsilon-180ED F/2.8 Player One Poseidon-M Pro : 180:

the EQMOD system:
Work with citizen scientists for SN 2023ixf

L—rg,=-0.1340.38 (9 —7)sm, rms = 0.18
the iTelescope 33 system:

R—7rsm = 0.07—0.17 (9 — 7)sm, rms = 0.04
G —rgm =—0.2940.79 (9 — 7)sm, ms = 0.05
B — gsm = —02540.72 (g — 7)sm, rms = 0.05,
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Kinder pipeline
has measuring 1000 data points!

[ JON X SAOImage ds9
File Edit Yiew Frame Zoam Color Region WCS Analysis Help

File test
Ohject ATLASE4fsk
Yalue

Physical ® y
Image b Y

Frame 1 % 0.935673 a 2
fle | edi | view | frame | bin | zoom | scale | colar ‘ region ‘ wes | analysis | i

open ‘ save | header | page setup | print | exit

6.1e+02 B.de+02 G.6e+02 6.9e+02 7.le+02

S.1e+02 5.3e+02 [ 5.6e+02 5.6e+02
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SNOOPY -> Kinder pipeline

SNOoPY
(SuperNOva PhotometryY)

- Remove flat, bias, dark, etc
- Astrometry

- Zeropoint

- Seeing for PSF photometry
- Dither and stack images

S

B

Ohiect (g Sheng & Enrico

.y
x

- / I"mge

PSF
Estimate Point Spread Function

.

Add artificial stars with specific magnitudes,
see which value can be equivalent

/f@ ads

H v i
»

Real/bogus classification?
Still ongoing...

QUICK FIELD: Author First Auth

€ Start New Search ack:"snoopy"

Your search returned 69 results

also used in Janet’s master thesis (2008)!
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Light curves of SN 2024ggi

. w %
+— =5 >* o
8 » ¥R x ko UVW2-18
@) *
O 0 UVWwl —12
+ ® ® o o o °
G) 5 N 7.‘1‘3***
O *
3 u/U-9 ’***. ® ® o o o o o
'C 10t B-6 = P
@) ’ﬁ* ® °® %0 ° T ) * ®
G g—4 * g @ @
V=2 * * e * ® ® * o
& 15F ) p W+ 2
a8
<
— 20fF ® © © e % * o ¢ ¢ ¢ ¢
CIC) o e @ * bl * *
N - y+ 10
S 25l z+8 @ - g = = H
O * Swift ® Pan-STARRS1
<CED_ R r+12 ® SILT m Citizen science
30t v ATLAS

2 0 2 4 6 8 10 12 14 16 18
Observed phase since explosion (days)
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Early monitoring is crucial

100 4

f (arbitrar

D 10724

-
P
-
-
-
oz
-

L d
L d
1073 4 .

s

{ O OO0 0 e

- 0.0051

Residua

—0.005 1

0.000 f~======F======= OSSO e -Qo-mpo- --------------------------------

No significant discrepancies were observed
between the data and fits, suggesting an
absence of SBO features. While this could
result from observational limits, it may also
iImply the presence of a dense, extended
CSM around the RSG based on (u-g) colour.

Padova / 1st Apr. 2025

Janet Ting-Wan Chen

-18

-16

14 L

absolute AB magnitude

-12 F

-10 F

time after discovery (days)

Based on early-phase light curves, we
selected the best matching model from Moriya
et al. (2023). This model features an explosion
energy of 2x10°1 erg, a mass-loss rate of 10-3
Mo/yr (@assuming a 10 km/s wind), a confined
CSM radius of 6x1014 cm, B = 4.0, and a CSM
mass of 0.4 Mo.
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Kinder -> Kindergarten

2-m telescope U

@San Pedro Mértir Observatory

first light 2024 PR 2N
115° 27’ 49" W S0 o

31°02° 39” N

\"\;“ Q, 1M telescopes
Observatory

4

B
s . R
i ,‘ vk _: 4:5

' 120° 92’ 25" E
| ’ 23728’ 07” N
' e Current instruments:
. i « imager (UBVRI, u’g’r’i’z’, narrow filters)
e First instruments:
» long-slit spectrogragh ,
e 4-colour imager (r’, ', p -
e Future instruments:

e NIR Camera
e |[FU
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Thank you!

e Thank you, Enrico, Massimo, Laura, and Massimo, for
your inspiring contributions to astronomy. Your legacy
continues to illuminate our path, and | wish you all a
joyful, fulfilling retirement.
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