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Type la SNe play a crucial role

@ Primary cosmological distance indicators

@ Major contributors to the chemical evolution of galaxies




What are the progenitors of Type la SNe?

Single degenerate (SD) Double degenerate (DD)

WD MS star

.CSM WD
WD Giant . ISM .
csM

WD + non-degenerate star

Yet we don't know what makes a Type la SN (embarrassing)

@ Plethora of Single Degenerate (SD) scenarios + DD scenario

@ Observationally is tough to distinguish between them




Radio observations to unveil long-standing mystery Q

Radio (and X-rays) is probably the most powerful observational tool

to unveil the progenitor system of Type la 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
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Radio measurements directly tell us the mass-loss rate of SNe

Lu,radio x v tﬁ X (M/VW)
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Radio observations of SNe la
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Upper limits to the radio emission of SN 2013dy

5.0 GHz Continuum MERLIN Observations of the Type
la SN 2013dy

ATel #5619: M. Perez-Torres (IAA-CSICICEFCA, Spain), M. Argo (JBC. mMachmzmm
Lundgvist (Stockholm OBscrvatory), G. Anderson (Soton University), R. Beswick (JBC:
Bjornsson (Stoektiolm Observators), R, Fender (Oford University), A. Rrushton (Oxford Saton),
5. Ryder (AAO, Sydney), T. Staley (Oxford)
Dec 2013; 13:24 UT
Credential Certification: Miguel A. Perez Torres (torres@iaa.es)

Subjects: Radio, Supernovae
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We report MERLIN radio observations of the Type In supemova 2013dy, which was discovered
on 10.45 July 2013, shortly afterits explosion, in the nearby (D=13.5 Mpc) galaxy NGC 7250 (cf.
CBET #3588). Our observations were carried out during 4 - 6 August 2013, one week after the SN
reached its B-band maximum (Zieng et al. 2013). The radio telescopes that participated in the
observations included five eMERLIN antennas (Jodrell Mk2, Pickmere, Darnhall, Knockin, and
Defford). The amay observed at a central frequency of 5,090 GHz and used a total bandwidth of
512 MHz, which resulted in a synthesized Gaussian beam of (0.13 x 0.1 1) sq. arcsecands. We
centered our observations at the position of the optical discovery (RA(J2000 0)=22:18:17 60 and
DEC(12000.0)-40:34:09.6; CBET #358%) and imaged a (20 x 20) 5q. arcsecond region centered at
this position, after having stacked all our data.

We found na evidence of radio emission above a 3-sigma limit of 300 microJy/beam in a circular
region of 1 arcsecond in rdius, centered at the SN position. This value correspords to an upper
limit of the monochromatic 5.0 GHz luminasity of 6.9¢25 erg/s/Hz (3-sigma), and places a
stringent upper limit to the wind mass loss rate of the supemnova progenitor of 2.7¢-7 solar masses
per year (3-sigma), for an assumed wind speed of 10 kmis, and if the radio emission in Type In SNe
bebaves as in Type Ibc SNe (Weiler et al. 2002).

We thank the eMERLIN staff for supporting our ToO program in search for radio emission from
Type la supemovae, aimed at unveiling their progenitor scenarios.

From Pérez-Torres et al. 2013, ATel No.

L, ~6.9x10% ergs ! Hz L M~ 27 x107" Mg yr ' (3-0)




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

Serendipitous discovery by Fossey et al. (2014)
Imaging by ltagaki = teyp =~ 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
0=0.15 mJy/beam

16 sources > 50 . - ”
Mostly SNRs Calibration “EVN-style™:

&

ATPS
“MFS™-imaging:

SNR 47.37+68.0 , 47.37+68.0, a = -0.65:0.18, EM=1.1-0.3 x10° cm "pc




Severe constraints on the radio luminosity of SN 20146
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Jan232 82 - JVLA 550 4.0 59 070
Jan 244 94 - JVLA 220 80 11.7 37
Jan288 138 136 eMERLIN 155 124 182 0.85
Jan295 145 140 eMERLIN 6.17 136 199 27
Feb 4.0 20.0 11.0 eEVN 1.66 108 158 1.3
Feb19.1 350 10.0 eEVN 1.66 95 139 22

Pérez-Torres et al. (2014)

Most constraining upper limits to radio emission of SNe la, together

with those on SN2011fe

o L, <2x10% ergs!

Hz1




Modelling the radio emission from Type la SNe

@ Chevalier's model

@ Shock-CSM interaction: rypock X t™; Pyind X 2

@ Shock energetics: eg = up/ugy

Radio luminosity traces the mass-loss rate of SNe

: 1.4
1.1 -1.6
Lymin o e (M/vi) " ¢

@ Time dependence = Early radio observations are crucial!




Radio evolution of SN 2014J - CSM wind scenario
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Most constraining M for SNe la, together with those for SN2011fe
o M<7.0x10710Mgyr—! (eg = 0.1); v, =100 km s~ !




Mass-loss rate — wind-speed parameter space for SNe

Parameter space for SNe la SD scenarios
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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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msm = i Ni//

Ne1 ~ 2 x 1020 cm—2

Path length, / ~ 100 pc
Solar abundances, ;1 ~ 1.4
= NSM ,S 1cm™3 (EB = 0.1)

Most constraining upper limits to the ISM around the progenitor star

of SNe la (in the DD scenario)

o nmsm <1cm~3 (eg =0.1)




Late radio emission as a probe of the DD scenario

Luminosity (erg §* Hz ™)
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@ The DD scenario predicts a steady increase of radio emission (!)




Probing the late time radio emission of SNe la

Luminosity (erg &t Hz‘l)

le+25}f

le+241

le+23¢

1.66 GHz light curves
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Granted EVN
observations to probe the
double-degenerate
scenario in SN2011fe and
SN2014J




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.

v

Most single degenerate scenarios ruled out for SN 2014J

@ There is little room for SD scenarios, which favors the DD scenario.

o If the medium is uniform (i.e., the ISM) = nigy <1 cm—3

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

.

R ~ 3 x 107° 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.



