Optical Observations of
Supernovae and Transients
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® Optical Observations of Supernovae
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SUPEI‘I‘IOV& ® End point of stellar life

® Origin of elements

® Stellar nucleosynthesis
® Explosive nucleosynthesis
® Huge kinetic energy

® Injection to ISM
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Thermonuclear Core-collapse
supernovae supernovae

J'.J

~ C:David A. Hardy



Message from
Core-collapse Supernovae
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A\VAV o wave
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How to discover supernovae




SN rate: | /100 yr /galaxy

100 galaxies => 1 /lyr
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Galaxy survey
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Blank field survey







Follow-up observations




Optical light curve
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Extragalactic SN @ 30 days _ °«

V ~ 5,000- 10,000 km s-!

R~2x10'>cm ~ 0.00lpc

O ~ 106 arcsec @ 30 Mpc
T~ne 0 R~ 102 (t/10 days) -2
L~ 10*? erg s-!

T ~ 5000 K

p~10">gecm3 ne~ 108 cm-3
@ photosphere



Diffusion Radioactive
timescale timescale
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3D radiative transfer simulation

at homologous expansion phase
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Radiative Transfer| |Explosion

in Supernovae ‘L
Nucleosynthesis
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Diffusion Radioactive
timescale timescale
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Optical spectra

Type ll: Hydrogen
Type |: No hydrogen

la: Strong Si

e
7p)
-
@)
o
+
X

=

(wm—
()

=

e

©
)

Y

Ib: Strong He

Ic: No strong Si/He

3000 4000 5000 6000 7000 8000
Rest wavelength (A)




Supernova @ | yr
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iral galaxy Elliptical galaxy"

NASA, Swift




Progenitor of core-collapse supernovae

oo lype I Type Ib Type Ic

Wolf Rayet star

red supergiant R~ 1-10 Rsun
R~ 500-1000 Rsun




Pre-explosion image
with Hubble Space Telescope

WFPC2 F300W, F606W, F814W
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What we know /don’t know

Core-collapse Thermonuclear

Type 11/1b/lc Type la
mechanism??
Progenitor Massive star WD(s) in binary
binary?? companion??
T H, He, O, Mg Fe, S.i
(progemtor) (explosive)
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® Optical Observations of Supernovae
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Transient Survey

Survey Diameter FOV Depth Area/
(m) (deg?) (Rmag) | day(deg’)
HONN 0.76 0.01 |9 1000 galaxy
NOJN 5| 0.45 3.42 18.5 450
PTF .26 /7.8 21 1000
Pan-STARRS |.8 7/ 21.5 6000
SDSS-II 2.5 |.5 22.6 150
SNLS 3.6 I 24.3 2
GOODS | 2.5 (HST) 0.003 26 0.04
SkyMapper .3 5.7 22 --
Subaru/HSC 8.2 .75 26.5 3.5
Kiso .05 4

(partly taken from Rau et al. 2009, PASP, 121, 1334)
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PTF

Palomar Transient Factory

PALOMAR TRANSIENT
FACTORY

® Palomar 1.2m Schmidt telescope (P48)
@ Palomar/California

® FOV: 9 deg?
® Depth: 20-21 mag

® Rapid follow-up
with 1.5m (P60)
and 5m (P200)




P48 (1.2m)




P200 (1948!) famZiit
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Observing strategy 5-day cadence (5DC)

Active: 2700 deg?
Total: 8000 deg?
Exposure (Rau+09, LaW+09)

Experiment % of total Cadences Filter

Dynamic cadence
(DyC)
~300 deg? in 2 hr
(Kasliwval+07)

PTF + GALEX PTF + JVLA
Shock breakout Tidal disruption
50 deg2

| hr cadence, 21 mag



Catalina Real-Time Transient Survey

® 0.7m @ Arizona (Catalina)
0.5m @ Australia (Siding Spring)
1.5m @ Arizona (Mt. Lemmon)

® FOV: 8 deg? (but 2.5 arcsec/pix)

® Area: 2000 deg?/day
(30,000 deg? total)

® Cadence: 30min -

® Depth: 19-20 mag

http://crts.caltech.edu Drake et al. 2009, Ap), 696, 870



http://crts.caltech.edu
http://crts.caltech.edu

Pan STARRS

® |1.8m @ Hawaii

® FOV: 7 deg?

® Area/Cadence
® 3pi: 4 visits/yr
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http://pan-starrs.ifa.hawaii.edu/public/
http://pan-starrs.ifa.hawaii.edu/public/

La Silla/QUEST Survey

® ESO Im Schmidt telescope @ Chile
® FOV: 10 deg? (QUEST camera)

® Area: 1500 deg?/day
(20,000 deg? total)

® Cadence: 2-3 days
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http://www.pessto.org/pessto/feeder_surveys.html
http://www.pessto.org/pessto/feeder_surveys.html

PESSTO

+
e O +E©§+
Public ESO Spectroscopic Survey of Transient Objects +

® Spectroscopic survey

® ESO 3.6m NTT @ Chile/La Silla
® 90 nights/9 months

® 5 years from 2012 Apr

® Targets fed by
® La Silla/QUEST, Pan STARRS, and CHASE

https://psweb.mp.qub.ac.uk/pesstowiki/index.php/Main_Page
http://www.pessto.org



https://psweb.mp.qub.ac.uk/pesstowiki/index.php/Main_Page
https://psweb.mp.qub.ac.uk/pesstowiki/index.php/Main_Page
https://psweb.mp.qub.ac.uk/pesstowiki/index.php/Main_Page
https://psweb.mp.qub.ac.uk/pesstowiki/index.php/Main_Page
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® Optical Observations of Supernovae
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Kiso observatory
(1974~)

Altitude: 1 130m
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KWFC = Kiso Wide Field Camera

2012 April -
(4k x 2k chip) x 8
| arcsec/pix Slide from Shigeyuki Sako

D=1.8m
D=1.2m t Pan-STARRS : 9 deg?
D=1.35m PTF . 7.8 deg?

«—t—+—— Skymapper : 5.7 deg?

KWFC . 4 deg?

HSC . 1.8 deg?
SC . 0.3 deg?
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GRB afterglows

Afterglows
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LSST Science Book
(after Rau+09, Kasliwal+,Kulkarni+)
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SN shock breakout P"°ge°" star

Breakout

> a few days
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Figure from N. Tominaga

- Figure from T. Morokuma



KISS: Kiso Supernova Survey

® Extremely high cadence
® |-hr cadence
® 3 min exposure
® ~ 21 magin g-band
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Astronomy within 200 Mpc

(z < 0.05)
(d < 6 x 10%2° cm)

2l mag~ 1028 erg s-! cm2 Hz"!
=>~ 10%%erg s-! Hz"!' (@ 200 Mpc)
=>~5x10%ergs!' (@5 x10'* Hz)

Figure from KAGRA webpage
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cut-out images
KISS database
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Request FitsiID Reference

source ID 2012-11-18
669371 KSFJ0753+3116
| submit | 0022406_0

score

(o])(1)[2]

| unbookmark |

2012-11-18
KSFJ0804+4030
0022404_0
KISS12r

source ID
669258

| submit |

score

| bookmark | —_— —
—— [JOJE]
7\

Subtracted

Previous

Profile
7pix

new sub

08
06
04
0.2
0.0

-0'2012345678

new sub

08
06
04
0.2
0.0

-0'2012345678

Realtime check
by amateur astronomers in Japan
and KISS members



18 SNe (and SN candidates) so far

KISS Supernova List

I T O Y S T N T

S

submit KISS12q 2012-10-21 03:12:52.15 -00:12:12.2 LSQlszmx

submit KISS12p 2012-10-13 01:27:14.62 +00:52:24.9

submit. KISS12o0 2012-10-12 23:49:05.45 +00:22:54.9

submit KISS12n 2012-10-11 03:16:31.53 -00:28:03.3 LSQ]iIthh
S PTF12izc

submit KISS12m 2012-10-07 23:43:34.40 +00:34:07.3
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Initial Results (half a year)

® 18 SN candidates
(consistent with expectation)

® 3 IAU SNe

® 3 overlap with PTF,
2 with La-Silla QUEST, 2 with CRTS
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Rapid flare
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KISS: Kiso Supernova Survey

® Extremely high-cadence survey
® |-hr cadence
® 3 min exposure
® ~ 21 mag in g-band
® ~50-100 deg? /day
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® Optical Observations of Supernovae

VT P iR S P LS L a .u_'. o en IR ._“k_’.a'- . u.s 2 o ’--;.:._ - ,._a_,n SIen R _u_ "'ye. L LN TR 7o by ity | LTS .
- -f' L S, o i, 0l i ’ N N, l o 2 AT, :"‘“\. B - ] “ AR B e e | - SNl oI §r il b J - CRE 3 - .
LD RS L0 A it o > Ak b et e s Ja Fhe Mg ol i Jodat B el D0 LRSS Tt T/ L A GE SRR I B L 42 s 1 R Al b T B A el B




Jet—ISM Shock (Afterglow)

o
Optical (hours—days)
Radio (weeks—years) K
Ejecta—ISM Shock
K Radio (years)
- merger .
obs

t~0.1-1s R i i
‘ r 1lonova *_
o n - aXI s s h o t G R B / Optical (t ~ 1 day) . b

" Tidal Tail & Disk Wind

‘ ve ry ra re /vt 0.1-03 ¢

® Off-axis radio emission

® delayed (~1 yr) Metzger & Berger 2012,
Ap), 746, 48

® no guarantee of association

® “kilonova” (macronova)
® could be common if r-process occurs

What about BH-NS merger?
(=> this workshop)



@200 Mpc
kilonova
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kilonova within 200 Mpc
is detectable if occurs in FOV




Strategy

|GW-triggered search|

|EM-triggered search|




GW-triggered search

® Quick communication

® Localization with ~10-100 deg?

® Rapid follow up with
wide field (survey) telescope

® Many non-associated detections
=> check only around known galaxies??

Pan-STARRS :
PTF
Skymapper :

~500 galaxies/ 10 deg?
(<200 Mpc) KWFC

HSC
SC







GW alert error box

10 deg x 10 deg
(for example)

6 deg



EM-triggered search

® High cadence: ~ | hr
® Wide field: > a few deg?

We are already doing this :-)




kilonova
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Future plan for GW+EM astronomy

® Before KAGRA

® Blind high-cadence survey
(small detection rate, ~0.03 /yr)

® System update for rapid response

® Remote/automatic observations
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GW-EM astronomy: strategy

GW triggered search

Localization 10-100 deg?

EM triggered search

Extremely low rate




Optical Observations of
Supernovae and Transients
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® Optical Observations of Supernovae
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XEDICHZT
® What is critical feature of NS-NS merger?
EAREOIZ—IRy 7 AARIALIIRESNTS,
ZNDH'NS-NS mergerTHDEMETESH ?
(&% : tidal disruption / orphan GRB)

® Spectroscopic feature
® Typing? (e.g., NS-NS, NS-BH)
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