Type Ib/c supernovae with the EVN

Zsolt Paragi (JIVE), various projects in collaboration with a random
selection of the following people:

C. Kouveliotou (NASA/MFESC), E. Ramirez-Ruiz (Univ. Santa Cruz),
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Energetic Supernovae ...

Energetic SN type Ic explosions:
-smooth spectrum, hard to classify, but no H lines (not type II)

-spectrum lines broadened, indicating ~0.1c ejecta velocity
=>very energetic explosions
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...and GRBs

SN1997ef

V¢;~20-30000 km/s the first week
Mg ~9.7 M, (Mazzali et al. 2005)

GRB 9705147 (Turatto et al. 2000)

SN1998bw/GRB980425

first GRB/SN ID (Galamaetal. 1998) ™| I I

E,..~5x10%2 erg — hypernova Iwamoto
et al. (1998)

SN2003dh/GRB030329
Eyin~5Xx10°2 erg, M,; ~9.7 M, Stanek

Angular Size (uas)
B | - B = |

1
10
Days After Burst
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Open gquestions

Long-duration GRBs are thought to be related to core-collapse SNe
(Woosley 1993).

These are assumed to produce highly relativistic jets (I'>100) — where
are these jets/bipolar structures? (no direct evidence yet, maybe
Taylor et al. 2004; M82 41.95+575, a historical GRB? Muxlow et al.)

Are there — and what is the fraction of — mildly relativistic jets (I'>2)
in SN Ibc? These should be 100x more frequent than the highly
relativistic ones (Granot & Ramirez-Ruiz 2005).
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SN 2007gr ToO observations

* SN 2007gr was discovered on 15 Aug 2007
with KAIT (CBET 1034); identified as
Type Ib/c.

* Distance is about 7.3 Mpc, 10x closer than
SN 2001em was.

» VLA discovers 610 microJy radio source
(Soderberg 2007)

* No detection with GMRT so far at 1.4 GHz;
neither MERLIN detection at 1.6 and 5 GHz

» e-EVN observations: Da, Jb2, On, Tr, Wb

2007 15.725 Mag 13.9
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Eegidual I map. Array: EBEVN
SNzZOO7GR at 4.974 GHz 2007 Sep 06
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Regidual I map. Array: EBEVN

SNz20O7GRE at 4.974 GHz 2007 Sep 06

SN 2007gr
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2007 Sep. 23-26

e-VLBI detection of SN2007gr

ATel #1215; £ Pavagd (JIVE), C. Kouveliotou (NASAMEFSC) MA. Garretf (Astron), F.
Ramivez-Ruiz (Univ. Samta Crugd, HoJ. van Langevelde (JIVELelden), A, Szomtera (JIVIE)

M. Argoa (JROF) -
e 12 Bep 2007, 20:22 U'T"
Password Certification: fsolt Paragi { zparagi@jfive.nl)

Subjects: Radio, Novae, Supernovae

We obscrved the Type Ibe SN2007gr on 6-7 Scptember For 12 howrs €2 1:00-09:00 TFTC) at 4.9 A I e I m e SS a e
GHz with the the Furopean W LEBI Metwork (EVIN) using the e-VILBI technique. Participating

telescopes were Darnhall, Jodrell Bank (MEIT), Medicina, Onzala, Torun and Westerbork

{phased armay of 14 tclescopes). The aggregate bitrate was 256 Mbps, cxcept for Darmball whic

conlributed with an effective data rate of 128 Mbps duc 1o analog bandwidth restrictions. Then
were %8 MHz subbands obscrved in both RCP and LOP polarizations. The target was ro I I l e
phasc-referenced to the nearby calibrator J0233+3835. The achicved rme noise level was 75

microd yfheam,
There is an unresolved source (beamsize 7 milliancsccond) with a Qox density of 422+-21 -
microly (5.6 sigma) at coordinates BRA 02 43 2797151 DEC +37 20 44,6873 (120000, This

position is within 102 milliareseconds of the reported optical connterpart of SN2007gr (CBET
10034 ), and is in agreement with the VLA position of RA=02 43 279725 Dec=+3T 20 44,702
(Soderberg et al., in prep.). There are no other spurious sources exceeding the S-sigma level
within | arceaecond. We consider, therclore, our result as a WLBI detection of the supernova.
Further obzervations are planned.

The VLBI position error is likely dominated by the position accuracy of the reference source
J0253+3835 which is given as (.55 mas in the VLBA Calibrator List. We usced the Westerbork
synthesis array data to calibrate the Mux scale of ouwr ¥YLBI dataset. As a result, the VLEBI flux
scale is accurate to within 5%. Note that the VLBIL amplitndes may be ~10% low due to
coherence losscs in phasc-referencing.

c-% LBl is a technique where the signals from Far away radio lelescopes are direetly streamed te
the central data processor For real-time correlation, instead of recording. The data are
immediately available to the astronomers for further processing.

c-%LBI developments in Furope are supported by the BEC DG-INFSO funded Communication
Metwork Developments project "EXPReS” . Contract Mo, 02662 The European VBT MNetwork
a joint Facility of Evropean, Chinese, South African and other radio astronomy institules fundeq
by their national rescarch councils.

| Telegram Index |

K. E. Rutledge, Editor-in-Chicl e g astromemersisle gram o

Derek Fox, Editor dfreod asimor omers elegramony

e
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GRB-SN jet evolution
Granot & Ramirez-Ruiz (2005)
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Global VVLBI results

SN2007gr below ~60 pJy/beam (5c)
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WSRT data from the VLBI runs
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Looking for the progenitor of SN 2007gr

Gemini Altair/NIRI adaptive

optics positions £20 mas. éemiﬁﬂ'ﬁair/mm K.

T [nrﬁrr1}

SN at the edge (~130 mas) of
a bright source, likely cluster.
SN could have been a member.
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SN2008D discovery

« Serendipitous discovery by Swift’s XRT on 9 Jan. 2008 Soderberg et al. (2008)
(Soderberg et al. 2008). Host galaxy is NGC2770, Sciencedaily.com;
27 Mpc away. NASA/Swift

» Extreme luminous outburst
(L =10%erg/s), just for a few mins. '
Swift’s UVOT detected optical " ’““‘. SN0

counterpart two hours later.

SN 2007uy ()

* Optical spectroscopy follow-up:
characteristics of a young SN;
lack of H and Si lines indicated
SN type Ib/c.

 Long-awaited “shock-breakout” emission was detected the first time
(Soderberg et al. 2008, Nat. 453, 469)
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WSRT monitoring
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Global VLBI observations

Two epochs, EVN with Ar plus Hn, Sc @ 5GHz 2008 Feb.6

Work in progress... . | |
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Conclusions

* EVVN with the phased array WSRT is a great combination
for SN type Ib/c studies.

 Urgency justified, some sources fade very quickly.

* Yet, within this short time in principle there is the possibility to
distinguish between mildy or non-relativistic cases vs. relativistic outflows.
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“Hypernovae” slide

Open questions

What can VLBI do (jet speeds and detectability)

(e-)EVN and Westerbork

SN2007gr intro

SN2007gr e-EVN obs and results (EVN/WSRT)

SN2007gr global follow up results (EVN/WSRT)

Searching for the progenitor in SN2007gr (aligning frames)
SN2008D story

SN2008D obs (EVN/WSRT —any results from Alexander???)
SN2008D size and speed upper limits
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