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"Moment” of Supernova Explosion
Supernova Shock Breakout
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shock breakout




Very Early Phases of Core-Collapse Supernovae

Discovered by Victor Buso@Argentine, 16-inch telescope

rare1  ON 2016gkg@NGC 613 Bersten+2018, Nature
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O possible detection with Gaia (Garnavich+2016, Rubin+2016)
0 serendipitous detections with Swift/XRT (SN 2008D; Soderberg+2008)
GALEX (Schawinski+2008)
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105cm Kiso Schmidt Telescope
O @Nagano, Kiso
0 105 cm Schmidt telescope (4th largest)

O since 1974
O open-use ==> collaboration basis (2018-)




MR, "EiEsntkEX,

Tomo-e Gozen April 2019 completed =smEuzinm
O 8 CMOS sensors ©Image: TNM Image Archives

a low dark current, readout noise
0 operated in room temp. (no cooler)
O effective area: 20 deg2 (9 deg in diameter)
0 1k x 2k ~ 20 x 40 arcmin2
0 no filter (gri, Ha, ... sometimes)
O 2 Hz readout (nominal): up to ~200 Hz
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Northern Sky Transient Survey w/ Tomo-e Gozen

7,000 deg?2 - 2 hr cadence - 18 mag depth
7,000 deg? - 1 day cadence - 19 mag depth

O no filter: effectively g+r bands 0000, 2018-11-21719:00:00.000
a1 visit
O 6 sec exposure: [0.5 sec exposure] x 12 B
O 718-19 mag | 0950 B % '
0 2x3 or 2x2 dithering
O ~8% missed 3§ RAEEE D000 Ol
0 ~60 deg2 (partially vignetted by ~30%) L ooy
O cadence: ~2 hours LR

O survey drea / 2 hrs: 77,000 deg2, EL>40 deg “~__
O 2-4 times visits per night

0 ~19 mag for daily stacked data (not yet implemented)
0O survey simulation (Joao, Ikeda+)
O reference: PS1 r-band

T Alt: 20.71283%0132
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Tomo-e Gozen Survey Power Yasuda+2019, in press
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Survey Statistics (as of 2019/07/05)
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First Discovery of A Supernova (SN 2019¢cxx)
<> 3 days

O April 2019
O Type Ia supernova@z=0.025
0 follow-up observations

O Spectroscopy

O Gemini-N/GMOS (Tanaka+)
O Seimei/KOOLS-IFU (Maeda+)

O Kanata/HOWPol
0 Imaging
O Kanata/HOWPol
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Follow-up Scheme

O After discovering transient candidates...
O spectroscopic identification
0 flash spectroscopy w/ Seimei/KOOLS-IFU
O multi-band light curves
a KISS w/ KWFC: KISS international collaboration + OISTER
O # of spectroscopic observations (29 spec-ID+) limited: too faint
O TM+2014, Tanaka+2014, TM+2017, Gabanyi+2018, Kokubo+2019
0 Tomo-e Gozen survey: bright enough for OISTER domestic telescopes
O discovery ==> follow-up within the same night
O Approved programs
0 Seimei/KOOLS-IFU 22 prr .
0 Gemini-N/GMOS 20 f KIS OW/SKWEC) - T} 30omin

| Kyoto/Seimei
a0 (Kanata, MITSUME) $ 15 fome ~eos B 0 1] } 3 ; S KOOLS-IFU
- optical imaging
g 1° i Tomo-e survey OISTER
£144 No-filter optical
E ¥
= 123 spectroscopy
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Proposed Observations for Seimei/KOOLS-IFU

O ~15 candidates w/ ~> 1 mag day-! (up to 150 Mpc)
O “flash spectroscopy” (<1 day after Tomo-e discovery)
O ~4 objects
O more (T4 more times) follow-up w/ Seimei/KOOLS-IFU
O more follow-up w/ Kanata, MITSUME,
O Discoveries, identification, & characterization of a few rapidly
evolvmg ’rransuen’rs
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Figure 3 Light curves of rapid transients with

planned epochs of KOOLS-IFU spectroscopy. @QOur proposal (from Tanaka+2016) "



Data Products

0 after image subtraction: being developed
O Subtracted images relative to PS1 r-band
O CNN ==> automatic alert for bright transients
O photometry@subtracted images
O before image subtraction for variable stars efc.
O photometry & light curves

O motion detection
O NEO search
O Discovery of 2019 FA

&

SN bot 72V
| have got an ALERT

name: 2019063emje
transient 1D: 971508
MAG (S/N): 17.32(12.69)
n cand: 2
DateTime: 2019-06-01 11:11:27.735
first DateTime: 2019-05-29 12:39:01.604

PS1 R N yul

=

b N
= “v‘g :

coord; (229.56885, 592.15270} (15h18m16,52435 +59d09m09.72745)

O size: ~8m (http://www.ioa.s.u-tokyo.ac.jp/kisohp/NEWS/2019FA/2019FA.html)
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Summary
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Lets catch supernovae (and other transient phenomena) in early-phase (right

after explosions).

Tomo-e Gozen was completed in April 2019.

Northern Sky Transient Survey has been started since Nov. 2018 (w/ Ql).

O Fully ready this fall.

2x2 dithering, 7,000 deg / 2 hours, 18 mag depth

2-4 visits / night

O Effective survey by simulation (Joao, Ikeda et al. in prep.)

O additionally consider weather conditions (avoid cloudy region and

choose clear sky region) <== ongoing

Development of automatic data reduction pipeline & website I/F: almost done.

OO Machine-learning technique (CNN) to pick up only real sources: being
developed

O Automatic alert (to ourselves): being tested

First SN (Type Ia) was successfully discovered & identified.

quick follow-up observations w/ Seimei, Kanata, Gemini, ...

O “flash” spectroscopy w/ KOOLS-IFU
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