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Supernova Survey Plan w/ Tomo-e Gozen

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

0 no filter: effectively g+r bands
a1 visit

0 3 sec exposure: [0.5 sec exposure] x 6

0 718 mag

0 2x3 or 2x2 dithering to fill the gaps

0 ~60 deg2 (partially vignetted by ~30%)
O time interval for the same field: 2 hours
O survey area (per 2 hours): 710,000 deg2 (EL>30 deg)
0 3-5 times visits per night

0 719 mag for daily stacked data
0 weather factor: usable (half), photometric (30%)
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Purpose
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"Moment” of Supernova Explosion

before

shock breakout
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SUPernOVG ShOCk BredkOU'I' e.g., Klein & Chevalier 1978

After core-collapse...
==> shock wave propagates outside
==> passes the stellar surface
==> suddenly brighten
(color temperature: 3,000K --> 200,000K!!!)
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"Kepler” Shock Breakouts 2?27?
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Supernova Survey Plan w/ Tomo-e Gozen

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

0 no filter: effectively g+r bands
al visit

0 3 sec exposure: [0.5 sec exposure] x 6

O 718 mag

0 2x3 or 2x2 dithering to fill the gaps

0 ~60 deg?2 (partially vignetted by ~30%)
O fime interval for the same field: 2 hours
O survey area (per 2 hours): 710,000 deg2 (EL>30 deq)
a 3-5 times visits per night

0 719 mag for daily stacked data
a0 weather factor: usable (half), photometric (30%)
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TNS Full-Sky Map by Type

> 600 spectroscopically classified SNe

SN la (475)

SN | (not 1a) (28)

SN 11 (159)
SLSN (4)
AT (6441)

——— Galactic Plane
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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 2018/9- 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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I Follow-Up Observations !!!

a After discovering SN candidates...
O spectroscopic identification
a0 multi-band light curves
O most successful recent SN projects
a PTF, iPTF (Palomar 1.2m)
0 “"550 nights of spectroscopy in 4.5 years” (M. Kasliwal)
O ASAS-SN (0.14m x 8 x 2)
O bright, <17 mag. Easily observed w/ 1m tel.
a0 KISS + KISS collaboration + OISTER
O # of spectroscopic observations (29 spec-ID+) limited.
O because most of the candidates (1.05 m, 3-minute
exposure, 1-hour cadence) were as faint as g»19...
0 brightest spec-ID: g=16.8, SN 2012cm
a faintest spec-1ID: g=20.6, SN 2015aa

16



First KISS SN was the brightest.

O May 2012
. g=l6.8 | | By |
O SN 2012cm ' TR | Y
a0 identified w/ Kanata/ T Bt X
HOWPol (I1toh+2012)

4000 6000 8000
= ' SN2012c¢r

10 0 10 20

2017/02/20-22 AR ASE Y — XA & HHAR3.8mBIR 7 B X B ¥ 4 L F X A ¥ KD HEME 17



Faintest spec-ID. KISS SN

O May 2015
. g=20.6
O SN 2015aa

a identified w/ Nayuta/LISS (TM+2015)

0 10 minutes X 5

Relative flux

1

2

Rest-frame wavelength [A]

[ Input: KISS15q_fl_use.txt

{ﬂo. 1: sn04S (la—norm; +2) ; z= 0.178\(2233)0.011

lllllllllllllllllllllllll

Observed wavelength [A]



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

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

©Peter Nugent (SNFactory/UH88/SNIFS)



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

a IFU is an ideal instrument for SN quick follow-up
O no accurate slit alignment necessary
O Tomo-e Gozen SN Survey starts from summer 2018.
a Kyoto 3.8m tel. operation starts from summer 2018.
0 ToO / queue observations
a sensitivity: 19.0 mag (S/N=10)
0 30-minute exposure, R~600-800

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

a total observing time (KOOLS-IFU)
0 1000 SNe x 1 epoch (identification) ==> ~40 clear nights
0 + 100 SNe x 10 epochs ==> 780 clear nights
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Kiso observatory Tokyo

KISS pipeline

cut-out images

" Ref  New  Sub

standard reduction

image subtraction

source detection

< 10 min
~ 50GB/day

KISS interface

cut out |mages
o S, ”‘ ﬂ e source
as e e - Wi

T B ARSI = % S

KISS database

\ S

facebook Realtime check
Amateur astronomers@amywhere

w------

millliEsec k254 48 2 4 vc@OMasaomi Tanaka




Target Handling System (KISS)

developed by M. Tanaka et al.

KISS

KISO Supernova Survey

:MW:ge: ;an:hca:e: IopP:ge:
Hello morokuma san! (userid = §)

2gOut |

ILiSt of Reduced Data

Selected date
20.2-.1-.8
Selected object

Ye Y%

Total numter sclected: 53

B .
17_8S

-; s brmi / 2012-11-18 18:249: KSFIO7&5+2025 022414 2012-1:~-19 04:00:02
< (submiz ) 2U12-11-18 18:23:06 KSFJO75:2+3116 022413z q 2U0.19 £U12-12-19 03:50:12
3 ( submiz 2012-11-18 18:16:39 KSFI10800+ 3604 0022412 g 20.15 2012-11=19 03:42:30
4 ( submiz | 2012-11-18 18:10:12 KSFJ0804+<030 0022411 g 0.00 24012-11-19 03:31:51
S ((submiz 2012-11-18 18:03:54 KSFJ0744+3225 002241°C 9 20.59 c012-12-19 03:26:00
5 -\:\l brni / 2012-11-18 17:57:01 KSFI09<E+5300 0022402 g 0.00 2012-1:-19 03:17:27
/ { submiz | £U012-11-18 17:50:20 KSFJOBZE+2E00 0U22408 q 0.00 dU12-11-19 03:12:05
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Target Handling System (KISS)

developed by M. Tanaka et al.

o | “Request | et | Rererence | Wew | subracea | proviows | prome

(2' x 2") (2' x 2") (2' x 2") (2' x 2") 7pix
source ID 2012-11-18 new sub
669371 KSF10753+3116 GHstEs AT :
| submit | 0022406_0 08
—— = l‘
o6} %
1 :
04 H
score i R
| unbookmark | —_ ' R, o
' | Lo J[1]}2 00 >
V133 36738
2012-11-18 new sub
source 1D KSFJ0804+4030 R ' g
669258
e —— 0022404_0 oa
| submit | .
SIS KISS12r 06
2
04
S score 02
| bookmark | |E||I| 5 00
/\ T3 3156 T8
AN
/ \ SDSS KWFC

realtime check “by human” = KISS member & amateur astronomers
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Target Handling System (KISS)

lKISSl4n

", Wi PR T T . ¥ \ . oL A
5 ) B . L o ) )

source ID: 1313597

SDSS
Navigation tool
Explore

NED
near position search (1' radius)

Offset Calculation in altair
bash /raid/kiss/pipeline/calcoffset.sh 222.9288689 8.5701321
# Please Add the SDSS possible Host coordinates in degress. You do not need to remove ',' and just copy RA/Dec Decimal.

14:51:42.93 +08:34:12.5 222.9288689 8.5701321 KSFJ145140945
Discovery magnitude (prelim) Limiting magnitude m
2014-03-31.68 13.1475 19.77
 meawm | e [ A
0.06 Type Ia SN2014an

developed by M. Tanaka et al.
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Target Handling System (KISS)

developed by M. Tanaka et al.

Original source page (admin)

sabmit

For admin
Please upload fits file with this command at Altair (if you have not done yet)
scp /raid/kiss/subtracted/KSFJ1451+0945/20140331/0073501/cr_1.fits kiss:~/www/fits/0073501_cr_1.fits

l Update (admin)

0.06 Type la SN2014an

Coordinatar: Nozomu Tominags

Last non-detection: 24th Feb. (marginal det. an 28th Mar)
Link:

Request: pnotometry & spectroscopy

Disc. note:

Urgent? (2=red, 1=blue, 0=no, -1=hide from the list)

Unanate

Image history

/home/kwfc/kiss_history/kiss_history.py KSFJ1451+0945 14:51:42.93 +08:34:12.5 20140231 20140331
Jtmp/KS5F11451+0945_145142.93_+083412.5_20130101_20140331.qif
Jtmp/KSF1145140945_145142.93_+4+083412.5_20140231_20140331.qif
Jtmp/KSF1145140945_145142.93_+083412.5_20140231_20140401.qif

Light curve (admin)

/home/kwfc/kiss_lightcurve/light_curve.py KSF11451+0945 14:51:42.93 +08:34:12.5 20140231 20140331
Jlighteurve/14:51:42.93+08:34:12.5.png

aE $S=m == - ewm em A a2 mEm == B



Target Handling System (Subaru/HSC)

developed by M. Tanaka et al.

Reference 2017-01-21

Transient ID: 23368 Variadle_id: 75823
Number of datections: 8 [NY's selection, paramcand)

Tags Cliok a tag for removal

risng_2017-01-3C_HSC-I2 ‘ rapidAny_2017-01-25  rising_2017-01-30_HSC-Z SN rapidAny_2017-02-01 | rapidAny_2016-12-26 ’ hostless ‘ moriva rsing_2017-02-02_H
teminegaed* 7-02-13) tominaga2d* 7-02-13) teminagaed! 7-02-13) suzuki(2017-tom nage(2017-02-13) tominaga(2C17-02-13] suzuki(2017- moriya(2C17-tominaga(2017-02-13)
01-24) 01-24) 02-08)
Ra, Dec (Decimal) Ra, Dec tract patch X,y

Host Ra, Dec (Decimal) Extond Spec-z Type_COSMOS Distance Photo-z Cosmos id Host id

Image links hscMap SDSS Finding Chart

".W.I-Iyper Su-r-il.”‘iAme:Cdm“(ﬁcﬁ)h 8.2m Subaru telescope)
Transient Survey for COSMOS field (2016/11-2017/4)

2017/02/20-22 KRB — A & 53 8mEEAEIC K 2 44 b KA L VISR OHEE 28



Target Handling System (Subaru/HSC)

developed by M. Tanaka et al.

Images Light curve mag_nave |5 change recshift set Comments
- Sl - Y
real. forced Filters: 8 HSC-G €@ HSC-R # HSC-I HSC select m———
2017-02-02 (57786.58) #SC-12
G % O No comments posted yet.

Q
2017-02-02 (57786.44) HSC-R2 = 24 (AA@ 19 O o
__
-+ . ® E U~
C S 18 == O
2017-02-01 (57785.39) HSC-G o) - wn 9
o
O E . . @) - <
= 26 -17 . —
£ s O =
2017-01-30 (57783.55) E & o
+~ Ex + 16 =
C = ¢ . ) Q 9 Q
S + C 4=
Q =
2017-01-30 (57783.43) HSC-12 - . S - Q
S 2 - —
S < - o W ©
Q m o D
2017-01-25 (57778.62) HSC-Y Q_ = 14 _Q
O S
G s s 57750 57730
2017-01-25 (57778.45) H5C-G MJD
e | ® o

Hyper Suprime-Cam (on 8.2m Subaru telescope)
Transient Survey for COSMOS field (2016/11-2017/4)
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Target Handling System (Tomo-e SN)

Reference 2017-01-21

18mrq

Transient ID: 23368 Variadle_id: 75823
Number of datections: 8 [NY's selection, paramcand)

Tags Cliok a tag for removal

risng_2017-01-30_HSC-12 | rapidAny_2017-01-25 | rising 2017-01-30_HSC-Z | SN rapidAny_2017-02-01 | rapidAny_2016-12-26 | hostless | moriya  rising_2017-02-02_H
teminegaed* 7-02-13) iominegaed 7-02-13) teminagadt 7-02-13) suzuki(2017-tom nage(2017-02-13) tominaga(2C17-02-13] suzuki(2017- moriya(2C17-tominaga(2017-02-13)
01-24) 01-24) 02-08)
Ra, Dec (Decimal) Ra, Dec tract patch X,y

Host Ra, Dec (Decimal) Extond Spec-z Type_COSMOS Distance Photo-z Cosmos id Host id

Image links hscMap SDSS Finding Chart

fits files

9813 0.5 9813 1.5 98132.5

"no-human” alerts for bright candidates

2017/02/20-22 R E BB — R4 & 5003 8mEIEATEIC X B 54 b KA £ VTSR DHEE 30



Supernova Survey Plan w/ Tomo-e Gozen

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

0 no filter: effectively g+r bands
al visit

0 3 sec exposure: [0.5 sec exposure] x 6

O 718 mag

0 2x3 or 2x2 dithering to fill the gaps

0 ~60 deg?2 (partially vignetted by ~30%)
a time interval for the same field: 2 hours
O survey area (per 2 hours): ~10,000 deg2 (EL>30 deq)
a0 3-5 times visits per night

0 719 mag for daily stacked data
a0 weather factor: usable (half), photometric (30%)
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Dec [deg]

2x3 dithering

—

AAAAAAAAAAAA

4.4 |deg (radius)

8.8|deg (diameter)

no gap
but large overlap
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Dec [deg]

2x?2 dithering

AAAAAAAAAAAA

4.4 |deq (radius)
8.8|deg (diameter)

small gap

small overlap
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2x2 dithering

vvvvvvvvvvvvvvvvvvv

8.8

|deg (radius)
|deg (diameter)

........ small gap

small overlap

0.0 0.5 1.0 1.3 20 4 L BMEINIEIC X B 54 b F AL Y RSO 34



Survey Simulation (ongoing...)

0000, 2018-10-20T19:00:00.000 ' . '

80 |
60 |- : :
time interval:
= 3 ~2 hours
x§ W §
| -
—‘i-; J 40
20
) — 0 1
S EL = 30 deg - ; .

Galactic Plane (< +/- 10 deg) time interval [hours] 35



O

Tomo-e Gozen = All-Sky Monitoring Survey

Supernovae (Maeda, Suzuki, Yamanaka, Nagao, Jiang): KISS, SKYS
GRBs, high energy phenomena (Ioka, Serino, Yatsu, Y.Tanaka):
MAXI, IceCube follow-up

radio transients (Niino)

stars (Notsu, Niinuma, Ichiki, Nogami, Imada, Maehara): KISOGP,
M31 monitoring

search for gravitational wave sources (Tagoshi, M.Tanaka): J-GEM
quasar / nearby AGN monitoring (Iwamuro, Horiuchi): accretion
miniBAL/NAL monitoring, accretion disk (Kokubo+), low-mass BHs
(Taniguchi+)

Solar System / Near-Earth (Ishiguro, Abe, Yanagisawa, Okumura)
stacking all data (> 1 hr): stellar population in galaxy outskirt
synergy with other surveys? (Itoh, Kawabata)
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Summary: Tomo-e Gozen SN Survey

10,000 deg2 - 2 hr cadence - 18 mag depth
10,000 deg?2 - 1 day cadence - 19 mag depth
0 no filter: effectively g+r bands
O 3 sec exposure: ~18 mag, ~60 deg2
O 2-hour cadence
O survey area (per 2 hours): 710,000 deg2 (EL>30 deg)
0 3-5 times visits per night (719 mag for daily)
0 search for supernova shock breakouts
a0 more SN-related science
O many other sciences cases
0 Systematic quick follow-up spectroscopy is critical.
a Kyoto 3.8-m/KOOLS-IFU is the best (40 nights/yr?).
a collaborative follow-up obs w/ other facilities
0 Late-phase obs. w/ larger telescopes (Subaru, TAQ, ...)
0 Join us & Let's discuss in more detail. .



