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Relotive Flux

Type la supernovae
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Type la supernovae

Thermonuclear Supernoyae

Hydrogen
I Hydroge

Haliurt

I Siter

Shicon

50a0 6000 7000
Wavelengih (Angstroms)

If we know how luminous the candle is and how bright it appears we can calculate how far away it is
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Hubble diagram in 1999
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Hubble diagram today
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The HST Cluster Supernova Survey

Supernova search using the Hubble Space Telescope
targeting 25 massive clusters at0.9<z< 1.5

Why target clusters? o é e
e Efficient SN discovery - . s |
with small field of e ;' : .
view o e T T .
* Early-type galaxies: . e
. . g - ’ & S *
minimal dust S o et | -

i i One 6ft=hé_‘25, CIUst_eirs_
| . RDCS 1252-29 (z=1.23).+

-

Kyle Barbary - SN la Progenitors 17 January 2012



y

recreee] il
BERKELEY LAB

Saul Perlmutter

Kyle Barbary
Joshua Meyers
David Rubin
Hannah Fakhouri
Nao Suzuki

Eric Hsiao
Lorenzo Faccioli
Pascal Ripoche
Xiaosheng Huang
Tony Spadafora

People

Supernova Cosmology Project

Ariel Goobar
Rahman Amanullah
Chris Lidman
Reynald Pain
Kyle Dawson
Mamoru Doi

Tomoki Morokuma

Naoki Yasuda
Marek Kowalski
Andrew Fruchter

Kyle Barbary - SN la Progenitors

Cluster Groups
Mark Brodwin
Arjun Dey

Peter Eisenhardt
David Johnston
David Gilbank
Mike Gladders
Ben Koester
Henk Hoekstra
James Jee

Lori Lubin
Adam Stanford
Mark Postman
Piero Rosati

Howard Yee
17 January 2012



Rolling survey strategy
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Rolling survey strategy
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Rolling survey strategy
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SN SCP05DO0 (z=1.01)

i and z bands

Near IR follow-up with
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Keck, Subaru, VLT used
to obtain spectra
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~ SNe Ia found in
3 clusters

2L

1
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New Hubble diagram
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New Hubble diagram
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Optical Transient SCP 06F6 HST = ACS/WFC

* 2
.
November 2005 - January 2006 A May 21, 2006
) . Aleesc LR IS
NASA, ESA, and K. Barbary (University of California, Berkeley) STScI;PRCE}9—04
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SN SCPO6F6: 100+ day rise time
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SCPO06F6: Unusual spectrum
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Best matched to C
DQ white dwarfs?

Microlensing?
Likely not galactic.

Did we really find
something new with a 0.04
sq deg field-of-view?

Needed to identify lines for
a redshift: more examples
needed

17 January 2012



Matches in Palomar Transient Factory
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New class of rare “superluminous SN”
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Outline

* The SN la progenitor system

Constraints from supernova rates *

from the survey

 What | mean by “progenitor system”
 How one can study it using SN rates

* SN la rate in clusters

Kyle Barbary - SN la Progenitors
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SNe la;: knowns and unknowns

4000 5000 6000
Wclvelenglh

* ~1.4 My C-O white dwarf

* Binary system

* What is the companion?
How does the system evolve with time?

Kyle Barbary - SN la Progenitors 17 January 2012



Two main classes of progenitor models

~ “Single Degenerate” “Double Degenerate”
| progenitor - progenitor

\

Non-degenerate companion: Degenerate companion:
e Red giant star * White dwarf
* Main sequence star

(Whelan & Ilben 1973) (Iben & Tutukov 1984)

Kyle Barbary - SN la Progenitors 17 January 2012



Outline

* The SN la progenitor system
Constraints from supernova rates
from the survey

 What | mean by “progenitor system”
 How one can study it using SN rates

e SN laratein clusters
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Distinguishing the progenitor using rates
Delay Time

Star formation -

!Z)oubl‘e Degenerate Delay DIEY,
_—— ———___ governed by governed by
& = timescale for evolution of
— gravitational secondary
radiation star

Delay Time Distribution (DTD): SN rate following an ideal burst
of star formation
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Back of the envelope calculation

Double Degenerate Delay governed by

— timescale for

—

°» gravitational radiation

Time for orbit to decay
(known from GR)

4
a

Distribution of initial
separations

dN dN da t(E_S)/4
dt ~ da dt
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Detailed DTD calculations

Stop forming new WDs

* Different groups come up
with different results,
particularly for SD model

-
7]
Q
9]
+

E
Ty
=1 )]
2

IGeneric predictions at t > 1 Gyr

e DD:closetot” (t°° -t'*)

e SD:t” or steeper

Greggio (2005)
17 January 2012
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Observed DTDs

 Measuring the DTD
is difficult!
galaxies are made
up of a large mix of
stellar ages

o=
2
-~
A
=
>
E
)
e

10° 10° 10"
Time after star formation (yr)
Dahlen et al. (2004), Strolger et al. (2004)

Mannucci et al. (2005),
Scannapieco & Bildsten (2005) ' Deley e [Cye]
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Outline

* The SN la progenitor system
Constraints from supernova rates
from the survey

 What | mean by “progenitor system”
 How one can study it using SN rates

* SN la rate in clusters
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Clusters dominated by passive galaxies

e e oy 8 i G e Star formation occurred
1098 7 6 5 4 at high redshift

® Sharon et al. (2007) .
Mannucei et al. (2008) * SN la rate in clusters

Dilday et al. (2010) (SDS dominated by old stars
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Rate Calculation

# of cluster SNe la

cluster luminosity
Effective observing time
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Rate Calculation

# of cluster SNe la

* |s SN candidate in cluster?
27/30 of SN candidates have
host-galaxy redshifts

e [s candidate a Type la
Combination of methods used
for typing

Kyle Barbary - SN la Progenitors 17 January 2012



Typing

. 2~ Ground-based
* 7 spectroscopically- B

confirmed (3 in cluster)

SN U-004
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: SCP06CO
e 7 spectroscopically- SN Ta/(88Rite)

z=1.092

confirmed -

e 5 Early-type host +
light-curve typing

* 12 "secure” Type la

COOO R
N 0O NN

e 5“probable” Type la

e 3 “plausible” Type la

SCPOOFS8
SN CC (probable)
20189

* 10 Core-collapse
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Rate Calculation

# of cluster SNe la

* |s SN candidate in cluster?
27/30 of SN candidates have
host-galaxy redshifts

e |s candidate a Type la?
Combination of methods used
for typing

8 + 1 Cluster SNe la

Kyle Barbary - SN la Progenitors 17 January 2012



Rate Calculation

Effective observing time

= time x efficiency
Kyle Barbary - SN la Progenitors 17 January 2012



Effective observing time

* Monte Carlo simulation:
simulated Type la light curves placed on actual survey data

e Distribution of properties mimic observed distributions

Mg = —19.31 —a(s — 1)+ Bc
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Effective observing time

(K) ISCS J1438.1+3414 (2=1.41)
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Rate Calculation

cluster luminosity

Kyle Barbary - SN la Progenitors 17 January 2012



Cluster luminosities

e Strategy: sum up light from all galaxies in field, subtract background

Luminosity profile in cluster
fields

Average luminosity in
GOODS fields

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
radius (Mpc)
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Cluster luminosities

» Account for luminosity from faint galaxies below detection threshold
(~5% correction)

* Account for luminosity outside apertures

(~20% correction)

o
£ »
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Sources of Uncertainty

Source of error

Poisson
Total statistical

SN type classification

Control time: varying Mpg
Control time: dust distribution
Luminosity: MAG_AUTO corr.
Luminosity: K-correction

Luminosity: Faint galaxy corr.
Luminosity: r > 0.6(0.8) Mpc
Total systematic

Total statistical + systematic
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Clusters rates normalized by stellar mass

e Want to normalize result

Time since z; =3 in Gyr

1098 7 6 5 by total stars formed,
m Sharon et al. (2007) | not stellar luminosity
Mannucci et al. (2008) Xt
Dilday et al. (2010) (SDSS-II)  Important to be
consistent with low-z
rates
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Consistent Mass-to-Light Ratio

Factor of
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Time since z; =3 in Gyr
10 9 8 7 6 5 4

Sharon et al. (2010) x 1.38
¥ Sharon et al. (2007)
Mannucci et al. (2008)
Dilday et al. (2010)
® This Work

Power-law fit:
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Barbary et al. (2012)
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e Factor of 5+2 increase
over low-redshift rate

IGeneric predictions
e DD:closetot” (t°” -t'%)

e SD:t”orsteeperatt>1Gyr
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Cross-check: red-sequence-only rate

XMMUIJ1229.4+0151 z=0.97

# SN Ia Denom
All galaxies 8x1 22.41

Red-sequence galaxies 6.5+£0.5 17.61

Red early-type galaxies 6 11.77
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Cross-check: star formation redshift

Time since z; =3 in Gyr
109 8 7 6 5 4

I — | | | |
Sharon et al. (2010) x 1.38
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Generic predictions att > 1 Gyr
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Barbary etal. (2012) | | ICEE DRI =1 1=l

| | | |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

-
At

Kyle Barbary - SN la Progenitors 17 January 2012



III]II||

Conclusions

e Cluster rates are now constraining the DTD
at late times

» Other measurements (young ellipticals,
LOSS rates, magellenic clouds) agree at
shorter delay times

» Getting a consistent picture of the SN la
progenitor from SN rates!

~

I~ !
N
|

Kyle Barbary - SN la Rates

Delay Time (Gyr)

SCP Collaboration Meeting - 28 July 2011



