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SN rates

contest and history
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Core collapse SNe & SF rates

Cappellaro et al. 1999
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’ SN Ia delay time distribution & rate

Greggio and Renzini (1983) Madau, Della Valle & Renzini (1998)

Binary models ... naturally account for the .. accurate measurements of the frequency of
occurrence of these events in elliptical and SN events in the range 0<z<1 will be valuable
for their higher rate in late-type galaxies probes of the nature of type la progenitors and

the evolution of the stellar birth in the universe
DTD f
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SN-C
Horiuchi et al 2011

... If the mass range is 8-40 Mg ...

We identify a “supernova rate problem:” the
measured cosmic core-collapse supernova rate is
a factor of ~2 smaller (with significance ~20)
than that predicted from the measured cosmic
massive-star formation rate

8 <« Mcc <40 Mg
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.... Ha, FUV and TIR luminosities ...
for a complete galaxy sample within
the local 11 Mpc volume and the

number of discovered supernovae in
this sample within the last 13 years

the core-collapse supernova rate
matches the SFR from the FUV
luminosity. However, the SER based
on Ha luminosity is lower than these
two estimates by a factor of nearly 2.

¥

CC progenitor lower limit 6-8 Mo




SN-Ia rate evolution

Strolger et al. 2004 (2010)

SN la rate history from the GOODS/
HST SN survey, reveals a SN la delay-
time distribution that is tightly confined
to 3—4 Gyr (to >95% confidence)
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Two (inconsistent ?)
complementary approaches

cosmic SFH
SN rate per unit from ” core progenitor mass
volume integrated collapse range
luminosity :

SN rate i < em 1r1cal or

1 ré} S galaxy SFH , y
S iaNics ab from SED 4 astrophy51cal
function of Gtiing motlvated DTD
mass, color star 4







SUDARE@VST

Two pointing: Three programs:
CDFS 03 32 13 -27 50 00 Cappellaro: VST+Omegacam GTO

COSMOS 1000 28 +02 12 21 Pignata: Chilean time
Covone: synergy with VOICE

Strategy: r-band exposure every 3 day

exposure 30-40 min

g,1 band colors once 10 days

CDFES 2x2 pointings, one per season
COSMOS 1 same pointing for 3 seasons

Follow-up:
VOICE and public surveys for host galaxy characterisation
Live spectroscopy: VLT / GEMINI/MAGELLAN

Start Oct 2011

total exposure time ~150h End Jan 2015
| Last Mar 2018
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Processmg steps

Data acquusttion  Service observing

Data delivery via ESO archive
Caltbration VSTtube (Capodimonte)

Search
Validation

Follow-up

Sudare pipeline (Padova)

visual inspection (web)

Photometry (built-in)

spectroscopy

o

host galaxy redshift

multi-band light curve fit
comparison with template spectra

Clavstfication

VST search image 14 Sept 2012
VLT classification 15 Sept 2012
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SN candidate classification

la 2z=0.525

| SN 2012gs — 2012¢9s Botticella et al. 2013
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Galaxy photometric redshifts
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http://www.astro.yale.edu/eazy/

SUDARE: light curve hitting

P?
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spectrum
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UDARE SNe sample

SUDARE light curve fitting vs.

NANA (Kessler 2009) 117 SNe

B (a

C

0.0 0.2 0.4 0.6 0.8 |
redshift :




GRAWITA: VLT
Survey Telescope
observations of the
gravitational wave
sources GW 150914
and GW151226
Brocato et al. 2018

GW17081:\
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LIGONrgo, NASA/Leo Singer
[Milky Way image: Axel Melingz1)




‘Summary of

current results




SN-CC rate evolution

Hopkins & Beacom 2006

10<Mgun<40
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Bazin etal 2009

Li etal 2011b
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SIN-CC rate evolution

Madau & Fragos 2017

8<Mun<40

10.0

“most works earlier than about 2007 overestimated
the SER over the redshift range z~2—7."
Maoz & Graur 2017
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: _ stellar mass (Mo)
. \ Single 2 1
degenerate

- Double degenerate

wp @wp  DBinary separation
. Close Wide

01 — DDC
—— DDW
Mannucci
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Greggio 2010




SN Ia rate evolution

H 1 SD
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‘Although recent observational developments have led to discussions
of “prompt and delayed SNe la”, “two SN la channels/populations”, ‘a
bimodal DTD”, and so on, theoretical binary population synthesis
models have almost always predicted a broad and continuous DTD,
even for a single physical channel (e.g. DD). Thus, the continuous
observational DTDs that are emerging .... are not unexpected’
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SN rate-galaxy mass dependence

— 10712

Sullivan et al. 2006 A
Lietal. 2011 SIS T

-12 E

Smith et al. 2012 -
Graur et al. 2015 using power law DTD el . 1k'f=l'12xll?-al Mai it
and SFH for SDSS galaxy with spectra Btk
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Botticella et al. 2017 ~125 f
~13

Graur et al. 2015 Y
‘correlations between SN la and SN ~125
II rates per unit mass and galaxy -1-11.: '
stellar mass, SFR, and sSFR can be I
explained by a combination of the
respective SN DTD ...the ages of e TR
the surveyed galaxies, the redshifts > ° o0 o

- . log < M/M,>
at which they are observed, and their

star formation histories.’ ~ passivel  starforming | starburst |
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What next

- Complete analysis of SUDARE data:
- CDFS3 / 4+ COSMOS new epoch (Botticella, Ragosta)

- ﬂ

§ o Explore parameter space for modellmg (Greggza)

. &

B et repredr LSST (Bottzcella Gregza) |




Testing SFH approx1mat1on and DTD

Greggio et al.
in preparation

SFH and galaxy colors |
A ..ON rate progenitors and SFH ml

500

SFH _

A. exponentially decreasing

B. delayed exponential

C. log-normal (Abramson et 2015
D. inflating / quenching (Peng et al. 2013)
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Current data cannot
discriminate SD /DD.

DD close
DD wide
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constraints of galax SFH is
crucial

Better statistics is needed to
probe very young and very old
- parent populations




