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supernovae

Supernovae classification scheme
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SLSN-R - °®Ni decay rate



supernovae

Thermonuclear explosion (SN la)
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supernovae

Core-collapse supernovae (CCSNe)
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supernovae

Pair-instability supernovae (PISNe)




supernovae

Supernovae classification scheme

no hydrogen (type I) hydrogen (type II)

Ia - white dwarf(s)

masses)
Qrentey IIP - plateau decay 8-15
loss | !
of IIL - linear decay 15-35
EI-LJI:EF | 1 'y
layers/ Ib - shows helium Wide
loss | range
rate Ic - no helium IIn - narrow lines 3
Y. J b
SLSN-I SLSN-II | 807
SLSN-R - pulsational events 80-140
SLSN-R - 55Ni decay rate 140-260

e.q., Gal Yam et al. (2007 ), Elias Rosa et al. (2009,2010), Smithet al. (2011), Gal-Yam (2012)



supernovae

Supernovae classification scheme

mHng.
(solar
masses)
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SLSN-R - pulsational events 80-140
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e.q., Gal Yam et al. (2007 ), Elias Rosa et al. (2009,2010), Smithet al. (Z071), Gal-Yam (2012)
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Type lin are
not just
luminous in
the optical
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Type lin are
the most
luminous
“normal”
supernova
type in the
ultraviolet
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= . 4 ‘photametric detection

Conventional supernova searches image 100s of bright galaxies in real time

NGC 3877 - SN 1998S
z=0.006
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= . 4 ‘photametric detection

Current wide-area supernova searches image ~ 10 galaxies in real time

Limiting mag

Anonymous host galaxy - PTF10daj
z=0.103



i

: i,*pﬁbftﬂgie__tr‘ic detection

Current wide-area supernova searches image ~ 10 galaxies in real time

]C,Ullt

Limiting mag

Anonymous host galaxy - PTF10daj
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To detect supernovae at high redshift we need:

Very deep images (optical detectors are most efficient)

Need mg, ~ 26, deeper than current supernova surveys; focus on ultra-violet
luminous supernovae

Long temporal baseline
Time dilation - need multiple epochs over one to several years

L]

Wide-areal coverage (wide-field imaging)
Supernovae are rare and type lin supernovae make up ~5%

Consistent imaging program (well-matched images)
For accurate relative magnitudes and clean image subtractions

Galaxy redshifts
sorting and searching all spurious events without redshift information is daunting
in deep wide-field images; deep spectroscopy of all the potential candidates is too
expensive
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Our program

Monitor Lyman break galaxies (LBGs) at desired redshifts for supernovae
JC 2008, ApJ, 677, 137

Search deep, wide-field, multi-epoch optical images (image stacking)
- Canada-France-Hawaii Telescope Legacy Survey (CFHTLS)

Use a new high redshift detection technique that includes

- monitoring galaxy flux in yearly stacked images
- a supernova analysis process for galaxies exhibiting flux variations

Highly successful program:
12 supernovae confirmed between z = 2 - 4 using the Keck telescopes

JC et al. 2009, Nature, 460, 237, JC et al. 2012, in prep.



Lyman break galaxies

Star forming high-redshift galaxies

Optical observations detect the
rest-frame ultraviolet (UV)

Selected by the attenuation of
flux shortward of 912A

transmission

Spectroscopy limited toR < 26
(photometry ~2 mag deeper)

LBGs estimated to represent
~70% of all high-redshift

star-forming galaxies
e.qg., Marchesini et al. (2007), Reddy et al. (Z008)
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Lyman break galaxies

Space-based
optical
observations
(restframe FUV)

Law et al. (2007)



Space-based 3”7
optical
observations
(restframe FUV)

Ground-based
optical
observations
for comparison

Law et al. (2007)



Canada-France-Hawaii Telescope

The summit of Mauna Kea, Hawaii







CFHTLS Deep Survey

'. L 4

4 square-degree Megacam pointings

25-30 nights over .5-6 months
for 5 years (2003-2008)

yearly-stacked images probe
 tomag ~26 in 5 filters
(u*g, r'i’ z})

More than 2 million sources detected







Nightly stacked observations (25-30 nights per year)
year 1 year 2 year 3 year 4
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Seasonal-stacks
year 1 year 2 year 3 year 4
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Seasonal-stacks
year 1 year 2 year 3 year 4

NN LT

Combine the 4 stacks to create the deepest image (need this in multiple filters)
to identify Lyman break galaxies via the efficient color selection method
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Circle has
radius of 5 kpc

(physical)

object: 234161

host galaxy

m,=24.9 + 0.07
My =-19.8

-15 arcsec

JC et al. 2009, Nature, 460, 237



Circle has

object: 234161 radius of 5 kpc

host galaxy (physical)

m,=24.9 £ 0.07

Myv =-19.8 SN is offset
from host
centroid by
2.8 £ 0.4 kpc

SN event

integrated mag
m, =26.3+0.14

-15 arcsec

JC et al. 2009, Nature, 460, 237
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Long-lived
emission
lines from
circumstellar
interaction

Late-time optical spectra
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The twin 10-meter Keck telescopes
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Most z = 2 detections to date show potential evidence for circumstellar
interaction in deep late-time Keck spectroscopy: Type lin-like
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(observed ~-200 - 600 days after outburst, restframe)



e ‘m’ late-time :SDECUGSCDDB;

Most z > 2 detections to date show potential evidence for circumstellar
interaction in deep late-time Keck spectroscopy: Type lin-like

low redsl_'lift galaxy

escaping SN Lya LBG Lya LBG continua

(observed ~200 - 600 days after outburst, restframe)
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Relative Flux

. B |ate-time spectroscopy

Z - 2 SNe: day -400 Local SNe: day 485 and day 943
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Beacons probing high-z galaxies similar to GRBs, but longer duration
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sufersluminous supernovae
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Supernova Magnitude (AB)
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Circle has
radius of 5 kpc

(physical)

object: 224556

host galaxy

m,=23.4+0.02
MU"u" = ‘2] .4

-15 arcsec
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super-luminous supernovae

| ) Circle has
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The z~ 2 and z ~ 4 LBGs monitored for the CFHTLS survey probe similar
volumes: ~3 x 107 h;,3 Mpc3

The confirmed detections and detection window functions imply a rough
rate of:  ~few x107 A,,3 Mpc3 yr?
> 10 times higher than the SLSN rate observed at lower-redshift
CQuimby et al. (£011)
This is a lower limit because the SLSNe are detected in the FUV which is
highly susceptible to metal-line absorption and dust extinction

Confirmation of additional candidate events with Keck this Fall will provide
strong evidence for a higher SLSN rate than observed at lower redshift
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“Orphan” supernova search in progress

Detection of Pristine Gas Two Billion
Years After the Big Bang

Michels Fumagalll,' jobn M. O'Mears,” |. Xavier Prochasia’
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Expected long tail in the redshift distribution of metal-free regions and
pockets of pristine gas corresponding to relatively late epochs (below z ~ 4)

Many Pop Ill stars at these late epochs are expected to be isolated
(> 150 kpc from host galaxies)

(e.qg., Scannepieco et al. 2003, Furlanetto & Loeb 2005, Trenti, Stiavelli, & Shulf 2008)
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Tanakaetal (2012)

- characterize high-redshift SNe lin and SLSNe
properties via “real-time” spectra

- solidify high redshift supernova rates through
the peak epoch of star formation in the
Universe
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Hyper Suprime-Cam

Deep and Ultra-Deep survey

Targets for the next generation of
large aperture telescopes and JWST

Detections to z-6 and the epoch of
reionization
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- the ONLY survey todoso forz > 5

The cumulative density of detections

produce a high density of targets to

for efficient use of next generation
multi-object spectrographs



Our survey has been highly successful and has compiled 12 solid
supernova confirmationsat z~ 2 - 4

UV-luminous high redshift SNe are dominated by events that exhibit
late-time circumstellar emission

Three of the high redshift events are super-luminous supernovae
One (two) may be (pulsational) pair-instability supernovae

Our survey provides the largest and most densely-sampled SN lin FUV
data set and potentially the only existing FUV PISN data

High-redshift UV-luminous supernovae may provide observational
examples of the deaths of population lll stars

Surveys using Hyper-SuprimeCam have the capability to detect large
numbers of z~ 2 -4 UV-luminous and the sensitivity to discover events
out to z ~ 6 where the fraction of events is expected to be higher




