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Kiso Schmidt Telescope

O @Nagano, Kiso

0 105 cm Schmidt telescope
(4th largest)

O since 1974

Tomo-e Gozen

0 84 CMOS sensors
9 deg in diameter
effective area: 20 deg?2
1k x 2k = 20 x 40 arcmin2
no filter
a gri, Ha, ... sometimes
0 2 Hz readout (nominal)
O up to 7200 Hz (wide-field
pulsar survey by M. Ichiki)

O d gd 3d




Tomo-e Gozen Field-of-View

|
7x24  EFEO QL

Q2

Q3

FoV of KISO 1-m Schmidt teles::ope

ZTF (1.2m), 47 deg?, 2018-,
AQ =40, At~ days, CCD

Pan-STARRS (1.8m), 9 deg?,
AQ =15, At~ days, CCD

LSST (8.4m), 9.6 deg?, 2023-,
AQ =320, At~ hours, CCD

Tomo-e Gozen

20 deg?in ¢ 9 deg
AQ =28, At~ subsec
CMOS sensors




Tomo-e Gozen: 4 same components (Q1-4)

0 QIl: completed
O @3: under modification
0 Q2, Q4: under development. coming in a few months

Q1 commissioning data (2018/02)

. Movie data obtained in 2-fps

¢ 8 deg

& , 18.7 mag @ tap = 0.5 sec
\‘\\ 4d \\\ . .
. badeg \ - Seeing limited PSF (~3 arcsec)

Open cluster M38 in the Auriga Milky Way Photometnc acc‘:‘raCY-
~10 millimag @ time scale < 5 sec

Al - ©S. Sako,




Q1+Q3 on focal plane




Tomo-e Gozen Transient Survey

O d g g 3d

started on Nov. 8, 2018 w/ Q1 (5 deg?2)
10,000 deg2 - 2 hr cadence - 18 mag depth
(10,000 deg2 - 1 day cadence - 19 mag depth)

no filter: effectively g+r bands
1 visit
O 6 sec exposure: [0.5 sec exposure] x 12: 718-19 mag

0 fully utilize 2 Hz data in (near-)future
O 760 deg2 (partially vignetted by ~30%@FoV edge)
cadence: 2 hours
survey area (per 2 hours): 710,000 deg2 (EL>30-35 deg)
3-5 times visits per night
~5 “early” supernovae / year
supernova, nova, pulsar, (GW), neutrino, comet, asteroid, meteor,
occultation, NEO, debri, super-flare, dwarf star flare, CV, "Tomo-e
Flash” , YSO, Ultra-Long GRB, Fast Radio Burst, AGN, X-ray
transient (MAXI, NICER, etc...), UV transient (Hibari), "Rare Event
Survey”, polarization survey, unknown unknown??




Very Early Phases of Core-Collapse Supernovae

M hours

‘Shock Breakouf '
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Very Early Phases of Core-Collapse Supernovae

Discovered by Victor Buso@Argentine, 16-inch telescope

rgure1 DN 2016gkg@NGC 613 Bersten+2018, Nature
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Rest—frame days after core collapse

Time after 2016 Sep. 20 4:30 UT [min]
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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Absolute magnitude
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Days since explosion (3 April)

Jiang+2017, Nature, @z=0.117
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Transient Surveys

ear 2015
OISTER spectroscopy Y
: Caia :
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Transient Surveys

OISTER spectroscopy year 2018
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Tomo-e Gozen Q1 Survey Observations
O Started on Nov. 8, 2018

0 Ql: 5 deg2 FoV
O remote observations

a from “Kiso Observing Room” (tentative) @UT/IoA/Mitaka
O Observers:

0 students: Y. Kojima (NEO), N. Arima (SN Ia), M. Ichiki (pulsar),
M. Morita (blazar), R. Hamasaki (SN, Konan), J. Jiang (SN Ia)
O staffs: S. Sako, R. Ohsawa, Y. Niino (GW, FRB), TM (SN)

0 daytime work: T. Aoki, T. Soyano, K. Tarusawa Y. Mori, S. Sako
R. Ohsawa, N. Takahashi, '

O queue system
0 “recipe” files made by
survey simulation
O Dome is closed automatically
when the weather gets bad.
O objectives: NEQO, supernovae
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Tomo-e Gozen Survey Simulation (by TM)

Requirements

0000, 2018-11-2N1T19:OO:00.OOO 0 maximize survey area with
s AT, o N >=3 times visits with >1.5-
S \ hour intervals.
A . O minimize telescope motion.
50 9% '000'0"3'8_'8“0-~ 00N\ J minimize dome moTion.
i 6409.0:8@,(?’51)0% %fiogd%\ \ O EL > 35 deg, higher is
9 é’ Oog ','8 g 'oéodgoooob . 8‘00 | better.
: 0; 010 'g g &_gg.b __,.00% 0 OOEO W (avoid Galactic Plane)
0. 5.0 96 9+0, 00 2 3.90% % o
\078 8 0~80.0.8<0 :
\0 08000000 collaboration w/ Ikeda-san@ISM
%888”8;33)/ & his collaborators ongoing
&

Az: 349.4213280t
Alt: 26.71285032
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Q1 (5 deg2) Data




# of fits

Survey Statistics (2018/11,12)
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Data Products bias subtraction, dark
subtraction, flat-field,

astrometry

O subtracted images (reference: PS1 r-band)
O light curves of fransients@subtracted
O stacked images
0 0.5 sec x 12 frames = 6 sec exposure
O free from cosmic rays
O simple photometry: 2x108 records
(for ~1.5 months, Q1, ...) ,,
O light curves of all detected objects ?2? |
0 external data —
O in other wavelength and/or with other ’relescopes ‘08‘“9
a optical, UV, IR: SDSS, PS1, GALEX, WISE, AKARI, ..
0 X-ray: ROSAT, XMM-Newton, Chandra, ...
O radio: FIRST, NVSS, TGSS
O object catalogs
0 SDSS (BAL) quasars
O TNS transient objects
0 MPChecker asteroids
O and more?

simple photometry |
(zeromag, limiting '
magnitude), image
subtraction, transient

de’rechon
s deve\oPed
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Dedicated DB / Website being prepared

©ON. Tominaga, M. Tanaka, J. Jiang, R. Ohsawa, S. Sako, TM

0 developed based on KISS (Kiso/KWFC) & Subaru/HSC DB/Website
O almost the same people involved
O fentative DB almost completed.
O updated in a few months based on this DB
O Website can be browsed only via VPN. (only for developers now)
O functions
0 data list w/ data reduction status
O transient sources from subtracted images
O transient sources from stacked images (?)

20



f Tag: (SN 3

date

Tomo-e transient server

Exclude wnegative
Final Tag: | _

T

Position: RA Dec

Number of det.: min

Options

Display 20 objects

Show from @ newer objects
Show bogus

Show Checked Objects
Output as text

search

7SN [« *SN*
Star ([ MP

Date: min max

List Object

AGN [ Star
center

MP

“TOVYY-MM-DD)

Radius (arcmin)

Account

Bogus ¥ Checked

older objects() brighter objects

Logout

coordinate

still under development

SELECT DISTINCT a.name,a."transientld",a."variableld",b.ra,b.dec,b.paramcand,b."rawld",f."dateObs",c.score,b.cnncand FROM ((((transient AS a JOIN "variable" AS b ON
a."variableld" = b."variableld") LEFT JOIN score as ¢ ON a."variableld" = c."variableld" ) LEFT JOIN "tag_latest" as d ON a."transientld" = d."transientld") LEFT JOIN raw as f ON
b."rawld" = f."rawld") WHERE ( (d.tag = 'SN') OR ((d.tag = 'SN') OR ( d.tag like '%SN%'))) AND ( NOT EXISTS (select 1 from "tag_latest" as tag2 where d."transientld" =
tag2."transientld" and ( tag2.tag = 'negative’ OR (tag2.tag = 'Checked' and tag2.user = 'morokuma') ))) ORDER BY f."dateObs" DESC LIMIT 20 OFFSET 0

1 objects were found!

first = previous

page1/1
ID Name Ra, Dec
Date Ref
(magnitude)
11 18aaak 161.75095 , 44.57325 o,
(16) 2018-03-25
show
Checked jiang 20180325 (Unfiltered =
Bogus jiang 17.4)
SN jiang

page jump
SDSS DR15 PS1 gri 3-
New Sub Ref color
Ref

" A

. P

next last

Select all Bogus

paramcand mark

cnncand
3 Rapid = Young?
SN? AGN? Variable?
MP? NEO? Unclear
Bogus Checked or
Bogusiv/Checked submit

Bogus all
All Checked
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TXS 0506+056 = IceCube-170922A

| 46 records
t for 35 days

K K22, 2018/12/25,26



Follow-Up Observations

OISTER facilities
J-GEM facilities (not involved in OISTER)
Gemini-N/GMOS (M. Tanaka+, S19A, 2019/02-07)
(KISS collaboration)

other wavelengths

O 0 a0 g d

Tomo-e Gozen Survey BRI YEIRAME R e R, T — 7 > a v T @G KA, 2018/12/25,26
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Working Groups

8
O
8

O

tomoe-gw: gravitational wave follow-up

tfomoe-sn: supernova

tomoe-ps: planetary science (debri, meteor, NEO, comet, asteroid,
TNO, YSO, exoplanet)

tomoe-agn: AGN (incl. blazar)

tomoe-star: nova, stellar flare, late-type star

tomoe-cobj: compact object (black hole, neutron star, pulsar,
magnetor, white dwarf, GRB, FRB), high-energy transient event
tomoe-data: data science

Ryou Ohsawa (ohsawa®ioa.s.u-tokyo.ac. jp)
Tomoki Morokuma (fmorokuma®ioa.s.u-tokyo.ac.jp)
Shigeyuki Sako (sako@ioa.s.u-tokyo.ac. jp)
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Summary

O Tomo-e Gozen is a ultra-wide-field imaging instrument for the
1.05-m Kiso Schmidt telescope.
0 QL(+Q3) (10 deg2 in total) were almost completed.
0 Q2 (February, 2019) & Q4 (April, 2019) coming soon.
a will be almost ready for GW follow-up before O3 starts.
O We have started an all-sky survey since Nov. 8, 2018.
O 2Hz x 12 exposures ==> 6 sec per visit
a no filter
O Statistics
O depth: 17.4 mag (all), 18.2 (dark), 16.6 (bright)
O seeing: 4.4 arcsec seeing (bad in winter)
O Data products will be available for anyone being interested in
them.
O Transient detection in subtracted images are almost ready.
O Light curves with simple photometry...?
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