RIKEN SN-GRB, 26 August 2014

“Type I” Supérnovae :
Keiichi Maeda '
Dept. Astron., Kyoto University
N group: A. Suzuki (JSPS), M. Yamanaka: (ex.), T. Nagao (M1), .N. Matsuo (|



What do I/We (mainly) do?

* Theory.

friend)
— Hydrodynamics after the shock launch (1 — 3D).

— Nucleosynthesis.
— UV/opt/IR Rad. transfer (1 — 3D, multi-v, t-dependent).
— Non-thermal emission.

e Observation (From radio to MeV, not a complete list).
— As Pl:
e Subaru (FOCAS-opt., IRCS-NIR/AO, HDS-opt/high-res.), ALMA (ToO).
— As Co-l:

* INTEGRAL (ToO), Chandra (ToO), Suzaku, HST, Subaru (FOCAS, Comics),
Keck, VLT, Gemini, Magellan, VLA.

+ Smaller telescopes (e.g., see Yamanaka-san’s talk).



Outline

* Emission from SNe (of type ).
— Thermal vs. non-thermal.
— Time-evolution in optical.

* Type la supernovae.
— Various diagnostics for progenitor and explosion.

e Stripped-envelope SNe.
— Highlight for SN llb 2011dh.



Observational Characteristics of Supernovae

* > 1000 discoveries a year (dep. on surveys).

— Only a part (nearby) observed in detail.
e Distance >~ 10 Mpc (extragalactic).

—Point sources (except for a few by HST/A:O/i/LBIvZ);‘

— Typical maximum mag. V >~ 16 mag (roughly).

AN

 Most of obs. = Optical.
— Imaging + spectra (time-dep.)

1 Interpretation




Energy Budget in SNe = Emission
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“Typical” SNe
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Velocity (km s71)
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Type la Supernovae .

 Thermonuclear explosion of (nearly 2 A
Chandrasekhar-mass) C+O WD(s). .

Single Degenerate (SD)
_ 4
WD + non-degenerate Central ignition?

_MS, RG, He star?] » Surface detonation?
' e \Asymmetry?

[ Roche lobe, Wind-fed? ]

Double Degenerate (DD)
WD + WD ’




Examples of explosion models

Single Degenerate
Chandrasekhar WD

Central (off-center) ignition
KM, Roepke+ 2010

Double Degenerate
Various WD+WD masses

Explosion not yet
Tanigawa+ (w/ KM) in prep.
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C in the outermost layer?
Perhaps common in SNe la.

' Carbon line
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SN la 2012ht (Kanata Telescope+) Yamanaka, KM+, 2014

i See Yamanaka-san’s talk T
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Companion H
contaminated

log(p [g om ¥))

Vy[kms']
Beadhowdand

-201510-5 0 5101520 -201510-5 0 5 101520 -201510-5 0 5 101520
Vx[kms] Vx[kms™]

Observationally
not practical.

Relative Flux + const
Relative Flux + const

companion
O

6000 6500 7000

Wavelength [4] Wavelength [&]



RGa

( cos (
4 day 38.5 s day 58.2
% NIR peak date | © Line shift
O O
Q Q
+ +
x X
D o
T . =
v © —
i = -
@] O R
o T s
- : ===M Observationall
— servationally
5 possible.

1.25x10%.3x10*

Wavelength [A] Wavelength [&]



1999ee vs.
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W7 model (Nomoto)
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Type la Supernovae are not spherical

Early-phase “spectral diversity” = viewing angle?
KM+ 2010, Nature, 466, 82

KM+ 2011, MNRAS Early phase Si velocity (gradient)
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c.f., Blondin+ 2012, Silverman+ 2012



c.f., Uchida+ 2013 for SN 1006

Asymmetry in SN la Remnant?

3 arcmin

Yamaguchi, Tanaka, KM+ 2012
G344.7-0.1 by Suzaku

Off-axis Fe = CC classification, but
Fe-rich spec. = la favored.

+ Mn, Cr, Al (complementary to optical SN study)



Synthesized + Unburned ~ 1.4Mq

h_256_10s (Day 350)

SN 1998bu (Day 308)
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Taubenberger+ (W/KM) 2013, VLT/FORS2

SN 1991bg-like: e
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HXI/SGD sensitivities: Takahashi SPIE 2010, Tajima SPIE 2010

KM, Terada+ 2012
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MeV Diagnostics for progenitor?

°5Nj decay, 158 keV




INTEGRAL detection of MeV y from SN la 2014J (~ 6 Ms in tqtal)
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- DD2D_asym_04_dc2 05Mpc, Mni = 1.02 = w7 05Mpc. Mni = 0.64 DD2D_iso_04_dc3 05Mpc, Mni = 0.42

s &1 keV

50 100 200 500 50 100 200
Energy (keV) Energy (keV)

1, DD2D_iso_04_dc3 15Mpc

=
T
<
o
®
é}
°
o
o
-]
E
£
S
=

I [ ]
50 100 ;IOO 500 0 100 2 50 500

= 3
Energy (keV) ~ Energy l_ke\fPO Ener‘goyo{ke\%?o

DOD2D_asym_04_dc2 25Mpc b3 w7 25Mpc 7 ¥ DD2D_iso_04_dc3 25Mpc

normalized counts s:




Stripped-envelope SNe

* Gravitational collapse of a massive star. &
* H-envelope lost before the explosion.

Single massive star

?x ,’gg_*: 2
-:'u*-'.{: '
.o 3 (Progenitor?\ (.

Explosion
| | RSG? )
Binary evolution VSG? # Mechanism?
Wolf-Rayet? Energetics?

f‘ ’ \Mass? ) \Asymmetry? p




Nearby M51 (@ 8 Mpc)
Intensive radio and X-ray followup
Intensive optical followup + detailed models
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Progenitor debate

@ Engine-SN
@ SNIc

@ SNIb

@ SN cllb

@ SN ellb

Progenitor = YSG Bl
Van Dyk+ 2013 7 -
' e® 6 o®
WR | : A

& //0 ///
A* >4 for 201%eth?
Soderberg+ 204
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YSG in pre-SN image. Progenitor?

@ Ergon et al prep
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Need binary evolution!



Surface—Radius, Composition—Progenitor
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* (M, E) from radio.

Binary?

(M, E) from optical model.
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~ 3 X 10® Mglyr in the final ~ 1,000 yrs (for v ~ 20 km/s)

Not enough to get rid of all the H-envelope
=Binary interaction in the past.



KM 2012, ApJ, 758, 81

Byproduct: Electron acceleration

excluded
Mass loss determined

(very rare for SE-SNe)
=Unique solution for
radio emission

.~ & ~0.01
— lower than believed
(in SN community).

10
A Mass loss

Peay < A*T?, A* ~1 for WR, A*~10 for YSG




Benvenuto+ 2013

Final piece = direct
detection of the
companion.




Latest news: Companion candidate detected

Folatteli+ (w/ KM), submitted

HST UV obs. On 2014 August
(Folatteli, KM+)

Magnitude and color exactly
as predicted.
= Stay tuned!



What do I/We (mainly) do?

* Theory.
— Hydrodynamics after the shock launch (1 — 3D).
— Nucleosynthesis.
— UV/opt/IR Rad. transfer (1 — 3D, multi-v, t-dependent).
— Non-thermal emission.

e Observation (From radio to MeV, not a complete list).
— As PI:
e Subaru (FOCAS-opt., IRCS-NIR/AO, HDS-opt/high-res.), ALMA (ToO).
— As Co-I:

* INTEGRAL (ToO), Chandra (ToO), Suzaku, HST, Subaru (FOCAS, Comics),
Keck, VLT, Gemini, Magellan, VLA.

+ Smaller telescopes (e.g., see Yamanaka-san’s talk).



: la progenitor]

What do I/We (mainly) do?

* Theory.

L la companion

la exp. mech

— Hydrodynamics after the shock Iz
— Nucleosynthesis.
— UV/opt/IR Rad. transfer
— Non-thermal emission:

e Observation (Fro adi

— As PI: i
* Subaru (FOCAS-gp QA K ghres.). ALMA (ToQ) _
— As Co-|: \ SE progenitor
* INTEGRAL (ToO), Chandra (To8 @ - ‘

A2 SE companion
Keck, VLT, Gemini, Magellan, VLA. \ \ P )

+ Smaller telescopes (e.g., see Yamanaka-san'’s ta
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