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Field-of-View (FoV) of optical telescopes/instruments

typically 0.1 deg << IceCube localization
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Opflcal Transuenf Surveys

Yasuda+2019, in press

wide _ ]
- - 'EASAS-SN AR TTTTTTTTTTTTTommmmmmees jall-sky
DEvryscope e LSST ]
| Klso/Tomo e Gozen
5 CRTS
_PTF
DZTF
103 Skymapper ~La Silla 2m
Im »SDSS
- <
L\r.% E Q- PS] II\IIF\I:
Q 2 - o’ -
\-il)- 10t L @ oF ~8m, HST
8 : O é‘) O HSC ( E /
'® g SNL % ' (d) @ HsC (D)
>U<) 10° ¢ Vp) O ©Osxps
: O ~ )
- O 4m CANDELS @
Ll HST-CSS
10 = L] high cadence (< 1 day) CLASH
Narrow [ Multi filters pGOODS
- () Single filter
10—2 . . 1 . : 1 . . 1 s s 1 s ; 1 :
16 18 20 22 24 26 28
Depth (mag)
shallow o deep






PR
"

R,

wy

J7 Kouji Ohnishi

Tomo-e Gozen

"y \ . .
. S X
oy S -.‘;'-‘:',.
- ".‘“ L
Bl NS oy " W
oy e L
o,
-3

AMON WS@Chiba University, 2019/05/21-22



Kiso Schmidt Telescope

0 @Kiso, Nagano, Japan
a (lon., lat., alt.)=(137d, +35d, 1130m)
0 Schmidt telescope
O wide field-of-view
0105 cm aperture corrector
0 4th largest Schmidt in the world
O <==> P48 (Palomar, 120 cm)
O open-use in 1974-2017
O Instruments
0 photographic plate (-1990s)
0 mosaic CCD cameras (1990s-2018)
Kiso Wide Field Camera
(KWFC; 4.8 deg2, 2012-2018)
a0 mosaic CMOS (Tomo-e Gozen)
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Tomo-e Gozen (E2f#

O 84 (=21x4) CMOS sensors
20 deg2 (with gap), 9 deg in diameter
2 Hz(-200 Hz) readout
raw data: 30 TB / night
1.17 arcsec / pixel
O seeing: 4.5 arcsec FWHM (median)
transient phenomena in seconds-hours scale
completed on April 23, 2019
O commissioning from 2015
O papers
O SPIE: Sako+2016, 2018, Ohsawa+2016,
Kojima+2018
O data compression: Morii+2017
O meteor: Ohsawa+2019
O Tomo-e Gozen Transient Survey
0 7,000 deg2 - 2 hr cadence - 18 mag depth
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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
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"Optical Movie Astronomy” w/ Tomo-e Gozen
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Tomo-e Gozen Transient Survey
started on Nov. 8, 2018 w/ Q1 (5 deg?2)

7,000 deg2 - 2 hr cadence - 18 mag depth
(7,000 deg2 - 1 day cadence - 19 mag depth)
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O 3-5 times visits per night
0 efficient scheduling w/ statistical approach
O sciences: supernova, GW, neutrino, comet,
asteroid, meteor, NEO, debri, unknown unknown...
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Tomo-e Gozen SkyMap (May 2019)
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Transient & Variable Object Search

O automatic & (almost) real-time data reduction
O image calibration (astrometry, flux)
O image subtraction relative to archival images (Pan-STARRS!L 3pi)
O search for any residuals in subtracted images
O (follow-up observations with other observing facilities)
O Development of this system has been completed.
O used for our supernova survey
O available information
O light curves etc. of transients detected in subtracted images
O in a few months?: light curves etc. of known (catalogued) objects

<< 1% of SN 2019cxx
total area
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new image _ reference image - subtracted
Tomo-e Gozen Pan-STARRS image



MMA w/ Kiso/KWFC & Tomo-e Gozen
Gravitational Wave (2015/9-)  IceCube neutrino (2017-)

GW150914, 25 deg2 IceCube-170922A
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TXS 0506+056 = IceCube-170922A

| 46 records
t for 35 days



Tomoki Morokuma



Summary

0 UT/Kiso Schmidt telescope has been operated since 1974.

O We completed a new ultra-wide-field CMOS imaging instrument,
Tomo-e Gozen in April 2019.
0 20 deg2 field-of-view
O zero readout time
0 “movie astronomy”

O We have started an all-sky (northern) survey since Nov. 8, 2018.
0 2Hz x 12 exposures ==> 6 sec per visit
O 7,000 deg2 / night

3-5 times visits

no filter (optical)

depth: 17.4 mag (all), 18.5 (dark), 16.6 (bright)

Data products

O Transient detection in subtracted images are almost ready.

0 Light curves with simple photometry is being recorded.

O Localization of any IceCube sources are smaller or similar to
Tomo-e Gozen field-of-view.
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