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SNe Ia - used in cosmology and galaxy evolution
..

.
Type Ia SNe play a crucial role..

......

Primary cosmological distance indicators
Major contributors to the chemical evolution of galaxies

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



What are the progenitors of Type Ia SNe?
..

WD MS star

WD Giant

Single degenerate (SD) Double degenerate (DD) 

WD + non-degenerate star

WD WDCSM

CSM

ISM

.
Yet we don’t know what makes a Type Ia SN (embarrassing)
..

......

Plethora of Single Degenerate (SD) scenarios + DD scenario
Observationally is tough to distinguish between them

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Radio observations to unveil long-standing mystery
..

.
Radio (and X-rays) is probably the most powerful observational tool
to unveil the progenitor system of Type Ia SNe..

......

Single-degenerate scenario (WD + non-degenerate star)
⇒ measurable prompt radio emission
Double-degenerate scenario (WD + WD)
⇒ no prompt radio emission

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Synchrotron radio emission from CCSNe
..

.
Radio measurements directly tell us the mass-loss rate of SNe..

...... Lν,radio ∝ να tβ ∝
(
Ṁ/vw

)
..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Radio observations of SNe Ia
..

Panagia et al. (2006)
.

......

Chevalier (1982) model + scaling of emission from SNe Ib/c

SN 1999by: Lν ≈ 2.0 × 1025 erg s−1 Hz−1; Ṁ ≈ 1.2 × 10−7 M⊙ yr−1(3-σ)
..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Upper limits to the radio emission of SN 2013dy
..

.
From Pérez-Torres et al. 2013, ATel No. 5619..
......Lν ≈ 6.9 × 1025 erg s−1 Hz−1; Ṁ ≈ 2.7 × 10−7 M⊙ yr−1(3-σ)

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



The Type Ia SN 2014J in M 82 (D = 3.5 Mpc)
..

.

......
Serendipitous discovery by Fossey et al. (2014)
Imaging by Itagaki ⇒ texpl ≈ 15.0 Jan 2014

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



EVN and eMERLIN obs-ns (Pérez-Torres et al. 2014)
..
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(Unrelated to this talk)LOFAR imaging of M 82
..

  

M82 with LOFAR: “Meter-VLBI”
0.3'' resolution at 154 MHz

1'≈1kpc
σ=0.15 mJy/beam

16 sources > 5σ
Mostly SNRs

SNR 47.37+68.0

0.4''≈7pc

Calibration “EVN-style”:

“MFS”-imaging:

Varenius et al., submitted to A&A

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Severe constraints on the radio luminosity of SN 2014J
..

 1e+22

 1e+23

 1e+24

 1e+25

 10

Lu
m

in
os

ity
 (

er
g 

s−
1  H

z−
1 )

Time (days)

1.55 GHz
1.66 GHz
5.50 GHz
6.17 GHz
22.0 GHz

Solid: 7.0x10−10 Msun/yr; εrel = 0.1;  εB = 0.1
Dashed: 4.2x10−9 Msun/yr; εrel = 0.1;  εB = 0.01

14J

11fe
Starting T tint Array ν Sν Lν,22 Ṁ−9
UT day hours GHz µJy
Jan 23.2 8.2 − JVLA 5.50 4.0 5.9 0.70
Jan 24.4 9.4 − JVLA 22.0 8.0 11.7 3.7
Jan 28.8 13.8 13.6 eMERLIN 1.55 12.4 18.2 0.85
Jan 29.5 14.5 14.0 eMERLIN 6.17 13.6 19.9 2.7
Feb 4.0 20.0 11.0 eEVN 1.66 10.8 15.8 1.3
Feb 19.1 35.0 10.0 eEVN 1.66 9.5 13.9 2.2

Pérez-Torres et al. (2014)

.
Most constraining upper limits to radio emission of SNe Ia, together
with those on SN2011fe..

......
Lν ≲ 2 × 1023 erg s−1 Hz−1

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Modelling the radio emission from Type Ia SNe
..

Chevalier’s model
Shock-CSM interaction: rshock ∝ tm; ρwind ∝ r−2

Shock energetics: ϵB = uB/uth

.
Radio luminosity traces the mass-loss rate of SNe..

......

Lν,thin ∝ ϵ1.1
B

(
Ṁ/vw

)1.4
t−1.6

Time dependence ⇒ Early radio observations are crucial!

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Radio evolution of SN 2014J - CSM wind scenario
..

 1e+22

 1e+23

 1e+24

 1e+25

 10

Lu
m

in
os

ity
 (

er
g 

s−
1  H

z−
1 )

Time (days)

1.55 GHz
1.66 GHz
5.50 GHz
6.17 GHz
22.0 GHz

Solid: 7.0x10−10 Msun/yr; εrel = 0.1;  εB = 0.1
Dashed: 4.2x10−9 Msun/yr; εrel = 0.1;  εB = 0.01

14J

11fe
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B
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.
Most constraining Ṁ for SNe Ia, together with those for SN2011fe..

......
Ṁ ≲ 7.0 × 10−10 M⊙ yr−1 (ϵB = 0.1); vw =100 km s−1

..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .



Mass-loss rate – wind-speed parameter space for SNe Ia
..
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Constraints on the progenitor system of SN 2014J
..
Pérez-Torres et al. (2014)
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Radio obs-ns of SN 2014J - ISM constraints
..
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nISM = µ NH I/l
NH I ∼ 2 × 1020 cm−2

Path length, l ∼ 100 pc
Solar abundances, µ ≈ 1.4
⇒ nISM ≲ 1 cm−3 (ϵB = 0.1)

.
Most constraining upper limits to the ISM around the progenitor star
of SNe Ia (in the DD scenario)
..

......
nISM ≲ 1 cm−3 (ϵB = 0.1)
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Late radio emission as a probe of the DD scenario
..
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.

......
The DD scenario predicts a steady increase of radio emission (!)
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Probing the late time radio emission of SNe Ia
..
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A promising future: SKA
..
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Take-away messages
..
.
EVN and eMERLIN are incredible machines..

......

Enormous contribution to the field of stellar evolution,
thanks to their sensitivity and high-angular resolution.

.
Most single degenerate scenarios ruled out for SN 2014J..

......

There is little room for SD scenarios, which favors the DD scenario.
If the medium is uniform (i.e., the ISM) ⇒ nISM ≲ 1 cm−3

Late radio observations to test the DD scenario (!) (very clean
environment!)

.
ℜ ∼ 3 × 10−5 SN/yr/Mpc−3 (Dilday et al. 2010)
Very few nearby SNe per decade ⇒ should be observed..

......

Prompt (and late!) radio observations key to unveil true progenitors
SKA to unambiguously solve the issue. ..... ..... ..... . ..................... ..................... ..................... ..... ..... . ..... ..... ..... .


