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Kiso Observatory, the University of Tokyo

- HIfR AELUR2HEB 7/11(&£) 11:10 (KEFEIOKRTET)
- BRRAE KA —/RBMDIGAIZH DFE~
- EEHE AEHRFTORKRE 4 £

. HARIAY

TILT 7Ny MXFUE

RELPTNIL

iRICHED &

ZRINOEEDOMRE - IR - BWNGEEEBTE D L

= 4 INJLT & B sky mapper, PTF(Palomar transient factory)z E & BB I BH LN &
ANDOBETHE CTHEL (I BANANA, N+ FH = NARBROEBEAD)

—— 0UAFEERBLAZSYIN VRO LDBEROER LY

Tomo-e GozenlZRFYELT=,
HABYNESTIVELT=,

LSRN N N NN

Kiso Observatory, Institute of Astronomy, School of Science, the University of Tokyo
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Tomo-e Gozen

Oooooooan

Telescope:

Field of view :

Sensor:
Chips:

Pixel scale :
Frame rate :
Filter :

Kiso 105 cm Schmidt
20 deg?in ¢ 9 deg
1k x 2k CMOS sensor
84

1.2 arcsec/pix

2 frames/sec (max)
SDSS-g+r, g, r

35mm CMOQOS sensor
x 84 chips
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ZTF (1.2m), 47 deg? (2016-)

Pan-STARRS (1.8m), 9 deg?

Focal plane of Schmidt telescope and

WFC, 4.8 deg fomo-e
/
LSST (8.4m), 9.6 deg? (2023-) Tomo-e
! . 20 deg?in ¢ 9 deg

Mosaic CMOS sensors
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12" 40 arcmin C 12
Pixel size 19 um
Architecture Front side illuminated + micro lens array
QE (An) 0.45 @)\peak=500nm, 0.25 @A=380, 700nm

Read out noise 2erms @1 fps @G = 16 x1, Well = 5,500e"
7e rms @1 fps @G = 1.3x1.3, Well = 55,000e"

Dark current 1 e/pix/sec @18deg, 3 e/pix/sec @26deg

Frame rate 2 frame/sec (max), limited by readout-circuits

Canon 35 mm CMOS sensor -EETEH KRUOBER

HAHAHLTH BEWGEAHL/ AKX

Sat UEABROBRELEERE

FE &3 ORI E#E R

T - BHHLYRATLOBE
§ | ER Sl0efsec/pix | - w2 UFOBRBRE
3 L - BRABSEER

< .l =] 230mW,/chip

ff e ———— 19 W /84chips
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Estimated Limiting Magnitude

Vmag \)(\6
Integration time (sec) Vinag P R B \039\"%(0 \l,
| | | N
1/10 15.3 ! ; | o8
/ 20 \'\((\\& :
1 17.2 T
Q e g ] 5
10 18.7 5 19 0.2 mag
h= ! i due to
[ ! i
100 19-9 ?‘P 18 Er---------' g LRy -------------é dQE
S |
Parameters used for the estimation %D 17 """""""""""""""""
Background photons: 13  e’/s/pix g 16 ............................................................................
Readout noise: 2.5 e | | !
Dark current at 273 K: 0.05 e/s/pix 15 i’ S S S/N = 5, Seeing = 3”

wo/ readout dead time |
Assuming w/ broad band on Kiso Schmidt in dark sky (20 i '

mag/arcsec?) 14 T
0.1 1 10 100
. e . . Integration time [sec/frame]
- Higher sensitivity than CCD in t; ... < 10 sec.

- Higher exposure efficiency expected in continues observations owing to zero
readout time.
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9 MB/s x 84 chips (&X)
27 TB/night (F%X)
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Tomo-e will be commissioning in 2017

' 578+a

2014/4 2015/4 2016/4 2017/4 2018/4

Sensor development ~ ====== -+
Sensor evaluation ¢
Data acquisition system ¢ ¢ 76,,7
O,
Chassis ¢ . S A
Assemble Oq,b@ 5 ¢y
g /)7
. 4, o —e * — e,
Test observation ’/290%7 1 commissioning ?
Q
9 N commissioning

20154128 1ZTomo-e A F 2 A THIZ L 2 RBEANEEHETE
B ZREFEBOAIFE LLELEILN,
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(1) 1-hour-cadence all-sky monitoring RE (deg?)
(high-cadence + very-wide-field) (3)
10,000 -
(2) 20-fps wide-field monitoring
(very-high-cadence + wide-field) 1,000
(3) Synergy with high-energy astronomy 100

(very-wide-field + quick follow-up)

10
(4) Near and interior Earth objects (2)

(wide-field monitoring for fast moving objects)

0.01 1 100 10,000

R 9> f#BE (sec)
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(1) 1-hour-cadence All-sky Monitoring
B E

e All-sky (10,000 deg?), 1 hour cadence

=

020,900,000

e Recording period: 3 years |
RIS @ 5D D @
(-

008040 0. Sl
0a920,020,0,04
00020,820,0.0,

982020, 0,0 e @

CPEILILILPLILILY

e 09e0a920:,000.0 T

909:20,020,020. O
020200002070
'-.gfl-;.-.

e Observation sequence:

- 4 dithers x 170 pointing

e geCo ege0¢ ool ig
- short exposure (3 sec) = readout (0 sec) = dithering (2 sec) & '-%3%%222;29;";;2“‘
1209050595040 OREE
* Limiting magnitude: V,_, ~ 18 (1 hour cadence) SeReSes

Vinae ~ 19 (1 day cadence)
® 9 deg x 170 pointing,
%qﬁ é Jh%) }ﬁ% 1 hour cadence, 18 mag

Bright, but Rare and Fast time-variable events

e Supernovae, Neutron star mergers, AGNs, Gravity lensing
* Novae, Stellar flares, Eclipsing binaries, Late type star, Exosolar planets
e Bursts of comets and asteroids

* Unknown transient phenomena
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Expected detection rates of Novae and SNe

1 hour cadence, all-sky, 18 mag

N. Tominaga+ 2014/10

Detection rate
(events/year)

Early phase of Nova
Shock breakout of C-C SN

1 day cadence, all-sky, 19 mag

including M31

Detection rate
(events/year)

Discovery of Nova
Early phase of Ia SN
Early phase of C-C SN
Superluminous SN
SN in Near-by Galaxy

Discovery of Faint SN unknown

including M31

M, ~ -18 mag, 260 Mpc
M, ~ -16 mag, 100 Mpc
M, ~ -21 mag, 1,000 Mpc
M, ~ -11 mag, 10 Mpc
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(2) 20-fps Wide-field Monitoring

AT IE|
e 2 deg? (partially readout) in ¢ 9 deg
e 20 frame/sec
e Continuous monitoring of 10,000 stars
e Recording period: 1 year

* Limiting magnitude: V., ~ 14

P! 2 deg?in ¢ 9 deg,
%qﬁ é ;h' 6 5‘2% 20-fps, 10,000 stars

Very bright, but Rare and Very Fast time-variable events

e X-ray variable objects: AGNs, YSOs, stellar flares

e Optical counterparts of Fast Radio Bursts by Totani-san (private

communication). Note, this

- Duration time: ~10 msec, Rate: 0.5 events/day (when brightest case) flux estimation contains an

» Stellar occultations by Solar system objects inaccuracy of 7 orders.

- Duration time: a few 100 msec, Rate: a few dozen events/year
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G wocvers Stellar occultations by TNOs )

 TNOs (Trans Neptune Objects) keep composition in pre-solar age. TNO shadow

* Bodies with km-size are important.

e |tistoo small to detect them even with large telescopes.
—> Stellar occultations

- Fast (20 fps) wide-field monitoring by Tomo-e
A few events/year

Size and distance
of TNOs

background star

Arimatsu 2014,
Kiso Schmidt
symposium

Kuiper Belt Dbject. o v Kuiper Belt Object
- briefly occults : | e . continues its orbit
' background :

Regular
starlight
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(3) Synergy with High-energy Astronomy

Gravitational wave detector Neutrino detector Gamma-ray telescope

KAGRA Super-Kamiokannde SWIFT, Fermi, MAXI
N-N merger? Nearby Supernova Gamma-ray burst
N-B merger?

Core collapse SN?
Magnetar? !

External trigger

w/ error of arrival direction: a few degrees

Optical wide-field follow-up by Tomo-e
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Neutron Star Merger, Short GRB?
NS-NS/NS-BH
<200 Mpc for GW

Collapsar, Long GRB
NS/BH formation
< 10 Mpc for GW

Magnetar Flare, Short GRB
NS oscillation
< 10kpc for GW

K1 01, Kashiyama & KI 11

GEO600/UK-GR

KAGRA/JAPAN

ndige
LIGOX2/USA  VIRGO/FR-IT  -€0-India  11GO- Australia
In prop. In prop.

v’ Error circle of arrival direction of GW ~¢ 5 deg

v" Tomo-e can follow-up GW events with ¢ 9 deg

AR, R Bk, B

Gravitational Wave Counterpart

Detectable distance < 250 — 300 Mpc
for GW from Neutron Star merger

-120 0 60 120 180
ra (deg)

--'lO‘r
_15 5 “x_ nearby
. ) galaxies
Zadko | A
Swi
ft SkyMappe
1| Tomo-e

TAROT,
ROTSE

-35! e
?05 110 115 120
29 ra (deg)

Estimation of arrival direction of gravitational wave.
Hayama (NAOQJ) 2012
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Magnitude

nasa.gov

Binary neutron stars®&4& (Li & Paczynsky 1998)
dynamical ejecta(msec) = wind ejecta(sec)
BEOHMMN B MITERE L THHE
BAETERDOBRRIZEYFFIZHS <EL (days)

k!lonova (soft EOS) @200 Mpc

D=1 — r- - VIVE =
N m r-processic & D ETEAM
- VR J A R(Z=57-61),E]fHopacity X
. - AR TR
D=4m
23 — RO A S Dneutrino lBE AR WSS
~ EFOEAARED (Kasen+2014)
24 ~ r-processM/~b8T L E 5
D=8m - AEABES 4 %(~2days)
25 b e
1 2 3 4 5 6 7 8 - - >
Time (days) Hotokezato+2013 eJeCtad)%L\%BZb\ 2 U)jj&%ﬂ'
Kilonova® L — k [ZCCSNe® < 1/100f8E - AR THhoursiR < F o (Metzger+2015)

(Tsujimoto & Shigeyama 2014)
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(4) Near and Interior Earth Objects

AIFTIE
e Phenomena in background

* During other surveys

SR

e Faint meteor (sporadic and meteor shower)

Log,, Cumulative Flux (particles m2 s 2r strt)

- Rate: ~100 events/min e <, \ .
1))

e ¢ —

- Brightness distribution of meteors. st Hughes 1978 %_ -

- Is the power law extended to faint meteors? B R R L 6 s

Log,, Particles Mass of Meteor (g)

e Fast moving NEOs including PHA (Potentially

JJJ/1D_!7

BRICPE->TL%

Hazardous Asteroid) e A
N

M fgm-
g m

md
T Td o

- Moving speed: 10-100 arcmin/sec

implication ?
K2R 0D [E 7
HIEYMOER ?

S IRIBHE A DB 2

Mass distribution at 1 AU of IDP (Griin+1985)

- Such fast moving asteroids are not detected by CCDs

1
i} [

18 -6 -1 212 a0 -8 6 -4 -2 o

with an ordinal FoV and exposure time.
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Summary

V ERREARBE AT BIEAHEECMOSHAS
Tomo-e Gozen

O Field of view : 20 deg?in ¢ 9 deg
O Sensor: 84 CMOS chips SERLRERELE
O Frame rate: 2 frames/sec (max) 4

"Il.!!'l.'l'l'l,

O Commissioning : 2017 RALARAR

V SREES
B—7vb > BTREGRERR, YTWICEIERFHEER

O 1-hour-cadence all-sky monitoring
O 20-fps wide-field monitoring

O Synergy with high-energy astronomy
0 Near and interior Earth objects
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