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“Kiso Observafory (The Umversn‘y of Tokyo)f_.

B.105¢cm Kiso. Schmld’r ’relescope (4+h largesf Schmldf)
o opera’red since X9T4% i iR i i L |

‘@ open-use until March 2017 e

0 instruments . - SRR : e

. o 2012- 2018 Kiso Wlde Fleld Camera (KWFC 8 CCDs, 4.8 degZ) 2
2018- Tomo e Gezen (84 CMOS sensors 20 degZ)

1 Tc)mo\e Gocen _
84 CMOSs\,\ 20 deg&) ~
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Tomo-e Gozen (2L HIEI)
O 84 (=21x4) CMOS sensors
O 20 deg2 (9 deg diameter)
O 2 Hz(-200 Hz) readout
© 30 TB / night .
O seconds-hours scale transients b /
O Sako+2016, Ohsawa+2016, Morii+2017 (gl g e
© Osawa-kuns talk :
O completed early 2019
© "Ql" (21 chips) from mid-Feb/2018

- s & 4 &4
e .

http://www.ioass.aritokyo:ac. jp/kisohp/NEWS/tomoe_qO_firstlight.html



Progenitors of Core-Collapse Supernovae
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"Moment” of Supernova Explosion
Shock Breakout

before ~ after

shock breakout

.. B <hours NS .

radiation diffusion velocity =~ shock velocity



FeEE (RETERH M)

: -
l- ##

a #
J -
p -

011
Py

EZEDOFFEAT—IL (B)




{10

110

110

110

110

Luminous Supernovae E
SCP06Fg,
SN2005a SNQOE’GS TF09cnd
SN2006g
PTF10cwr ® PTFO9cwl  PTFOSatu
o)
SN2007bi
Thermonuclear
Supernovae |
. SN2002bj
= 18}
=,
> PTF10bhp Core-Collapse
= . i Supernovae
@) : ;
- PTF10|uv*
= SN2005E
£
3 _14b SN2008ha SNZO.BS ]
X Ca-rich
= Transients PTF10acbp
o NGC3000T
-12f _ :
PTFi0fgs LUmMinous
* Red
Novae .
P60-M820T-081119 o® M850T]
V838 Mon
Classical Novae ® 31 RV -
$°P60-M810T-071213
, , i , . T T T
0 1 2
10 10 10

Characteristic Timescale [day]

10

10

10

45

44

43

41

40

39

38

Peak Luminosity [erg 3"1]

Kasliwal 2011, Cooke (http://www.astro.caltech.edu/~ycao/B&ETalks/B&E_FRBs_Cooke.pdf)

8


http://www.astro.caltech.edu/~ycao/B&ETalks/B&E_FRBs_Cooke.pdf

log (Characteristic Timescale [sec])

3 . ; v . o o X = g = N < g ) 045
—24 ‘ | ‘
’ Luminous Superovae
SRR |
S\t SRS
-I O | sug) { {::22;"‘1 o
O PTGl PTRO%RU |
M O Ga nma-ray et P
Shees o -
-18| -
w
ity Coe-Colepse § ., S
'I O ' PTF Spemovze 10— =
M TFogﬂav** | £
T P “Nours g
S0s B,
PTF0actp . P
12 NBCT
) g Luminous  §107°
|@ Fks K NR° 3
ove
~10 g !
T 2 . Classical Novae 1T
8 9D , b B .
i % 8 SOk 4 ‘N * A
n 2 vy
B 38
e S — , o 10
4 -3 -2 -1 0 1 2

log (Characteristic Timescale [day])

Kasliwal 2011, Cooke (http://www.astro.caltech.edu/~ycao/B&ETalks/B&E_FRBs_Cooke.pdf)
KOOLS-IFU WS@5#S K2 2018/02/05-06 ?



http://www.astro.caltech.edu/~ycao/B&ETalks/B&E_FRBs_Cooke.pdf

Observation of Shock Breakouts ¥

w/ radiation + hydrodyn. model
(STELLA, Blinnikov+1998)

ool -
. ' -4 _Bq?'ﬂ:ﬁ.'_Pgtﬁr_sqr
Spectra are quasi-blackbody SRR T el

T ~ R-3/4E1/4 oa) ) Ll i Y el v

L T .-.5“ -+
l. " L

. . - * N

| - . . - . . .

- s I« "y |
#_h -

Minimum _ =¥ < P45t Shotkl w'va'=
bptyvegr! ‘p_eqlks : tz-reokoq- peak

ef shock, ~ !
pHoemnocy
- a7 " ".

SNLS-O4D2dC SN I—S SuperNovegacy Sul
SF 1 I I l ' | T
= & SNLS/CFHT g—band ®
4 = GALEX Shiock SEtS?CF:T ?—Il))an: .
— A~ FHT i—band ™
—~ = , bl’z' Akout . Plateau SLg/gF:T r—bond A
':I,\:, 3 g— p /)4 s 4
(? g ft i
E 2F - :
= m Optical
- 18
T 1 E | THE
° ; | H | '"W ~ °
*  opat '!ii:"irl!’}l EMM i iJI_ ——
= = T m E
L ; 1 3] | -Il H ZOM@, Z=Z®, E51=1_2 E
—TE UV Schawinski et al. 08 2
_5 EEI(B-V)host=0.1l4ma | | Gelzari et al. 08 1 E

23025 53050 53075 53100 53125 53150
Tominaga, TM+2009 Modified Julian Date (observed frame)



Kepler deftected SN IIP
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Rapidly Rising Transients w/ Subaru/HSC
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Tomo-e Gozen All-Sky Survey

10,000 deg2 - 2 hr cadence - 18 mag depth
10,000 deg?2 - 1 day cadence - 19 mag depth

O no filter: effectively g+r bands
O 1 visit
O 3 sec exposure: [0.5 sec exposure] x 6
© 718 mag
O 2x3 or 2x2 dithering to fill the gaps
O 760 deg2 (partially vignetted by ~30%)
O cadence: 2 hours
O survey area (per 2 hours): 710,000 deg2 (EL>30 deg)
O EL>15 deg for Galactic center? (Maehara-kuns talk)
O 3-5 fimes visits per night
© 719 mag for daily stacked data
O weather factor: usable (half), photometric (30%)

17
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Survey Simulation
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Tomo-e Gozen SN Survey
vs Kiso Supernova Survey (KISS) w/ KWFC

Tomo-e SN Survey KISS
instrument Tomo-e Gozen KWFC
sensor CMOS CCD
readout time ~0 sec 120 sec

period 2018/4- 2012/4-2015/9 (3.5 yrs)
survey area [deg2] 10,000 50-100
cadence 2 hours / 1 day 1 hour
exposure time / visit 3 sec 180 sec
depth 18 mag / 19 mag 20-21 mag
filter no (Tg+r) g
(SBOs), #(SNe) / yr 5, 1000 0(0.1)-0(1), 100

data storage

daily-stacked image
SN cutout images

all data saved

reference

TM, Tominaga, Tanaka+2014
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Tomo-e Gozen SN Survey vs other SN surveys

vear 2018
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Tomo-e Gozen SN Survey vs other SN surveys
2 3 27N1Q
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KZ

KISS®@@®ipT
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BRI observations TM, Tominaga, Tanaka+2014

Tomo-e Gozen l
data transfer

raw lmages

T, . l automatic standard data reduction with KWFC data
omo-e P'Pe Ine reduction pipeline

I"C dUC C d 1mag CS X CGfGIOgS@DB :
“T cosmic ray rejection with L.A.cosmic, Image warping 0,
the SDSS with wesremap, |mage subtraction with '
hotpants

subtracted images

SN pipeline l object detection with SExtractor

transient candidate catalogs

candidate registration with p sql multi-wavelength data
matchlng, and wsual tar ' screenlng on web browser

fOHOW_UD observations B
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website for transient
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website for transient candidate (Subaru/HSC)
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KISS (w/ KWFC) -
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"flash” spectroscopy w/ Kyoto 3.8-m/KOOLS-IFU

0 IFU is an ideal instrument for SN quick follow-up
0 no accurate slit alignment necessary

©Peter Nugent (SNFactory/UH88/SNIFS)



"flash” spectroscopy w/ Kyoto 3.8-m/KOOLS-IFU

star clusters (possible hosts)
spectroscopy at the same time

UH88/SNIFS observations
e.g., Kuncarayakti+2013
(SNe IIP, II-L)
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"flash” spectroscopy w/ Kyoto 3.8-m/KOOLS-IFU

0 IFU is an ideal instrument for SN quick follow-up
O no accurate slit alignment necessary
0 Tomo-e Gozen (Ql) SN Survey starts from April 2018.
0 Kyoto 3.8m tel. operation starts from summer 2018.
0 ToO / queue observations

0 Both queue systems are developed by Maehara-kun(?).

0 sensitivity: 19.0 mag (S/N=10)
0 30-minute exposure, R~600-800

0 10-30 minutes exposure is enough for Tomo-e Gozen SNe.

a total maximum(?) observing time (KOOLS-IFU)
0 identification: 1000 SNe x 1 epoch ==> ~40 nights
0 photo-z/distance prior to reduce the number
O detailed study: + 100 SNe x 10 epochs ==> ~80 nights
O ==> a few tens good candidates ==> ~30 nights
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Summary

O supernovae in early phases
O shock breakouts
O key to progenitors
© What we want to do is ..
O discoveries of supernovae in early phases w/ Tomo-e Gozen
O flash spectroscopy w/ Kyoto/KOOLS-IFU
O Tomo-e Gozen all-sky survey
O 3 sec exposure, 2-hour cadence, 18 mag, 10,000 deg?2
O QI (5 deg?2) survey from 2018 April
O 71,000 SNe/yr w/ "Q4” (full Tomo-e)
O several "young” SNe
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