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UVO & NIR studies of SN 2010jl

1) IR excess due to thermal emission from hot dust
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Parameters derived from the fit
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.. and we also calculate the temperatures of the spectra

And the possible dust masses
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Pre-explosion progenitor & post-explosion Type IIn SN

CSM (dusty)
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Constraints provided by X-rays

X-ray Luminosity Best-fit scenario of the H-column
| T densities along the line of sight
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Presence of a low-density shell

Shock_R & dust BB radius
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Cooling of the post-shock gas

Solving the shock-equations
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Heating by the downstream radiation from the shock front

- T T T 17 T T T 17 T T T 17 T | ‘ T T ‘ T 11 | T T T I: 5000 -
-| — Downstream radiation ]
108 Ll — Unabsorbed by PS gas day 200 _ 4500 — |
B - __ 4000 —
107 - - %
E ] Y 3500 -
]
— N 4t
o
= E @ 3000 |
- 1 3 o
: [ § ] E
- T n (] =
=105l : s\~ N _:;; 2500 | Lx 2.6e8 L@ |
Tl = i R ] 8 Luvo = 3.5e9 Lo
2 C Absorbed by | .. N 2000 froserrsemerseresss s AR 1
104 | post-shock gas S — No heating
§ ¥ s 1500 —  X-ray heating ||
j 1 — UVO heating
103 | | II| | II‘ | | I\‘ | | Il\l | [ \J | | \Il | [ 1000 | | | | | | | | | I
107 10 1073 107 101! 10° 10! 102 10=*

Wavelengths (um)

F T T T 17 T T T 717 T T TT7 T T T | T T TT ‘ T T TT | T T ‘ - - - - ‘ - - -
-| — Downstream radiation ! — No heatinlg
108 L| — Unabsorbed by PS gas day 550 day 550 —  X-ray heating H
- — UVO heating
CT B —_
107 |- =
7 F % 1500| Lx=10e8L,
Tm B = Lyvo = 5.2e8 Lo
©
8 10° g 3000 [
L - qg)
= 105 B > 2500 |—
N = ©
T F (O]
S Absorbed by 2000 [ fees e NG
post-shock gas
| | ! | Sh o D.UST can for'm heﬂe I
010" 10 107 107 107 10° 10" 103 1024

Wavelengths (um) Column density (cm—2)



Delayed dust formation due to heating by
downstream radiation
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Dust temperatures from radiative and
collisional heating

Dust and gas T due to radiation Dust T by radiative+collisional heating
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Dust temperatures are comparable to the
observed range of temperatures post day 500

.. similar findings for carbon dust as well
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But what is the energy source thats is

heating the dust ?
IR, UVO and X-ray luminosities
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The UVO or X-ray source heating the dust
must be visible along the line of sight.
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Additional heating by the reverse shock from interior
Dust must be thick to the incident radiation




How can we parametrize the reverse shock

1. The dust in the CSM must be thick to optical radiation.

2. The minimum L., 1s equal to Rjg — Ryyo — Rxray at a
given time.

3. The reverse-shock velocity should be high enough such
that the rate of mechanical energy generated i1s more than
Lrev-

4. The reverse-shock velocity should be low enough such

that it does not produce hard X-rays by its interaction

with the ejecta.

Condition of optically thick dust

Silicate My, (M) required for #(\) > 3

between 250 to 300 Km s™
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Reverse shock velocity has be

Note: This also rules out dust in the
ejecta as that is internal to both

forward and reverse shock, so the

heating source should be visible in UVO
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The echo from the pre-existing dust

Evaporation radii of grains
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Endnote

- Dust formation in the interceding zone between the forward and reverse shock
- Depends on the intensity of ionizing radiation

- after day 380 in SN 2010jl, dust mass ~5 x 10° M_,,

- Formation of the warm dense shell
- provides the reservoir of warm gas where kinetic nucleation can take place

- Energy balance between gas and dust, both of which are radiatively and
collisionally heated

- short cooling time (few week to couple of months) owing to high CSM densities
- the presence of the low density shell between the star and the CSM

- Ejecta encounters the reverse shock very early on, which dictates the its
phases of dust formation

- Blueshift of lines: a) asymmetries in the geometry, b) electron scattering,
c) dense shell thick to optical photons (Patat + 2011, Dessart + 2015, Fransson +
2014, Jencson + 2016) - We are yet to understand with certainty
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