Tomo-e Gozen
BHE
Ay I LA 07 I RE A

= S &
SKE

(FEXF)
 KONAN UNIVERSITY

5th Jul 2017
RKELAZSVIN RIS L



2017/2/23-27
SINES4

SELEALIEHAL
LET,

SEIFEHRAUFED
EHNSERE




SN shock breakout
survey



Density [kg m™]

Shock wave in the stellar mantle

1012
1010
108
10°
10%
102
10°

1072

10° 10%

10°

10°

Radius [km]

Radiation dominate
after the shock wave
and radiation are fully
coupled with matter.



When the shock wave approaches
the stellar surface,

* Shock velocity: v,
* Diffusion velocity of radiation: ¢/t
* If ¢/t > v, (typically, t<c/v,, ~10),

D
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e Radiation partially affects matter and vice versa.

e Radiation hydrodynamics and >=2 temperatures
are required.




Shock Breakout

(Ensman & Burrows 92)
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Klso Supernova Survey -KISS-
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Experience of KISS

» ~several shock breakout/3yrs were expected.

e But, we could not find a shock breakout.

e Limiting magnitude (~20mag) was shallower than expected
(~21mag).

* The estimation was too optimistic, e.g., overhead,
detection efficiency, ....
* There are many unidentified supernova candidates.
e 180sec with KWFC is too deep for follow-up observation.
* We might miss interesting by-products.

* The “handmade” survey taught/is teaching us what
the SN survey is. It greatly helps/will help SN surveys
with HSC/Tomo-e.



Tomo-e wide-shallow high-cadence SN survey
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A wide and shallow survey is efficient
to discover nearby transients
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Follow-up observations are also easy.
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Follow-up observations
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Timescale of transients
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Presupernova information is lost
with time

* Shock velocity: v, ~ 10*km/s

e Stellar structure: R
* t<R,, /vy, ~ 10hr

~ 500R, ~ 3.5x108km

star

* CSM structure: v, 4~ 10-100km/s
° t < twmd X Vwmd/Vsh ~ 0.001'0.01 twmd

* E.g., wind at 10yr prior to SN explosion can be addressed only
by an observation until 3-30days after the explosion

* A study on early SNe la is led by Jiang Jian.



Rapidly rising transients with HSC
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>9% of CCSNe could have rapid rise.

Tanaka, NT, Morokuma, + 2016
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High-cadence surveys open up a
new frontier
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Tomo-e opens a new frontier

Characteristic timescale [sec]
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Origin of rapid rising

* Wind shock breakout * Cooling envelope
(Chevalier & Irwin 11) (Nakar & Sari 10; Rabinak &
Shock breakout Waxman 11; Shussman+16; Sapir &

at stellar surface

Waxman 16)
_2* T T T |_14 T ] 17 T T
s15w2r05m3e3 (5><1015 cm) ——
s15w2r10m3e3 (1x1015 cm) ——

-23 H s15w2r20m3e3 (2x10.7 cm) —— -16.5
g s15w2r30m3e3 (3x10 cmg —
E; s15e3(noCSM) —— | 8 16 |
€ 22 H 2
()] c
£ g 155 |
5 Longer for larger R, 1 E
- c _ i
z g 1" or smaller Roresn
-~ (o]
8 o 145}
g 2
E . 3 14t I
2 Making longer 2 Making faster

18 1 S el 564Rsun

13 1 1 1 1 1 2OORSLI‘n 1
-17 ' ' ' ' ' ' 0 2 4 6 8 10 12 14
0 10 20 30 40 50 60  7C

. . Days since shock breakout
days since the explosion (rest frame)

Moriya, NT+11 Gonzalez-Gaitan, NT+15



Rising of Type Il supernovae
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SN2013fs -evidence of dense CSM-

SN2013fs |
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SN2013fs -structure of CSM wind-
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SN2013fs -strict upper limit in radio-
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Summary

- BFEKRES
* SEEDLIDHLBRMALLET,

* Tomo-e SN shock breakout survey

* A wide and shallow survey is efficient to discover nearby
transients.

* Follow-up observations are much easier than KISS.

e Address the final fate of massive stars with not only
shock breakout at the stellar surface, but also wind
shock breakout and cooling envelope.




KSN2011d -Shock breakout in optical?-
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However,
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 No shock breakout is detected.

2013A + 2014A + 2015A

High Cadence Transient Survey
(HITS) with CTIO/DECam

* 14 nights in 2013A, 2014A, and 2015A
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Summary

- BFEKRES
* SEEDLIDHLBRMALLET,

* Tomo-e SN shock breakout survey

* A wide and shallow survey is efficient to discover nearby
transients.

* Follow-up observations are much easier than KISS.

e Address the final fate of massive stars with not only
shock breakout at the stellar surface, but also wind
shock breakout and cooling envelope.

* Detection of shock breakout of nearby Type IIP
supernova in optical bands is NOT realized, yet.



