
Science Thoughts at -17 and Fainter

1. Sub-luminous 1991bg SN.

2. .Ia’s from AMCVn binaries

3. Born Again Stars (birth of DB WDs), WD-
WD Mergers and Turn-on of RCrB stars
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Phillips Relations

Garnavich et al ‘00

• The sub-luminous Ia’s  fit
within the continuum of the
Phillip’s relation, extending
down by nearly 2.5 mags, all
share the Ti II excesses

• Most prevalent in E/S0
galaxies (Howell ‘01, van den
Bergh et al ‘03)

• Still other odd ducks (2002cx)!

2002cx



Sub Luminous Rise Times
Taubenberger et al. 2007 



Rise time between 14 and 22 days. Typical Ia’s are 16-18,
Matters for 56Ni masses, as well as TOTAL mass. Would force the
issue of total mass maybe being less than Chandra

Taubenberger et al. 2007 



Optimal Cadences and Relative Discovery Rates
• This plot shows the
relative discovery rates
(defined here as seeing it
TWICE) of three kinds of
thermonuclear events: Ia’s,
1991bg’s and .Ia’s.

• We characterize a SN by
four parameters, L
(relative to ‘typical’ Ia),
Volume Rate (relative to
Ia), rise time (days), e-
folding decay time (days)

• Loss in host galaxy light
for 1991bg’s and Ia’s is
neglected for now

A 5 day cadence could discover one .Ia
for every 200 Ia’s (including loss in host)



1991bg-like SN with PTF (V=21)
• Assume the rate is 20% of

local volume rate of Ia’s==>

4e-6

•At V=21. Then 100 per

year in the 3 day cadence

(800 deg^2), and 300 per

year in the 9 day cadence

(2500 deg^2)!!!

•  We should do a careful

calculation for a one day

cadence and get discovery

rate far below peak light!
Courtesy: J. Steinfadt



Unusual Classical Novae??
•  This plot shows the ‘global’
classical novae rate assuming
an absolute magnitude of -8

• Clearly enough events that
careful monitoring might well
find something different

• Really need to go to Virgo (18
Mpc, DM=31.3) to make the
numbers interesting.



Specific White Dwarf Birth Rate
Buzzoni et al, MNRAS, 368, 877 (2006)  Many events are likely to

have rates that scale with the
WD formation rate, such as:
• 10% doing late He flashes,
reaching M_V-8
• 1 % WD-WD merger rates
making RCrB stars, also
reaching -8 ?
• Stars leaving the tip of the
RGB, .. But those are at -4.

Working thru the minimum
detectable fraction in
UNITS of the WD
formation rate would guide
nearby surveys!



Three Events

Duerbeck et al. AJ, 119, 2360 (2000) 

FG Sge (1894) 
V605 Aql (1917) (-5) 
V4334 Sgr (1992, Sakurai)

• Typically up to -5 to -8, lasts
for many years, evolves to red..
• Dust is formed..



• Our small Helium
ignition masses (0.02-
0.1) only detonate
helium, which leaves
the WD at 10,000
km/sec, leading to rapid
rise times.

• The radioactive decays
of the fresh  48Cr (1.3
days), 52Fe (0.5 d) and
56Ni (8.8 days) will
provide  power on this
rapid timescale!!

L. B., Shen, Weinberg & Nelemans ‘07

.Ia Supernovae



.Ia Lightcurves courtesy of Daniel Kasen (JHU) 

(M_tot,M_Ni)56Ni Balls

56Ni/Si Balls

Delta M_15(B)>3, and sometimes 4 (typical Ia’s have 2 at most) 



.Ia SN Rates • Solid line shows number per year
if .Ia’s have a volume rate of 1e-6
.Ia’s/yr Mpc^3 (5% of the Ia rate)

• Some events are lost in the light
of the Elliptical host, which
depends on .Ia brightness (-15,-17
shown)

• Lines show resulting all-sky
detection rate assuming all
ellipticals are L* and V=24.

• PS1 medium deep survey at
V=24, 50 deg^2 (grizy every 4
days) with 1 arc-sec seeing gets 10
per year at -17, and 1 per year at -15

• SDSS SN is V=22.5, 280 deg^2,
every 2 day (1.5 arc-sec) gives 7

   17  d 0 5    

L. B., Shen, Weinberg & Nelemans ‘07

Courtesy: J. Steinfadt



Rates

• Solid line shows number per
year if .Ia’s have a volume rate of
1e-6 .Ia’s/yr Mpc^3 (5% of the Ia
rate)

• Some events are lost in the light
of the Elliptical host, which
depends on .Ia brightness (-15,-17
shown)

• Lines show resulting all-sky
detection rate assuming all
ellipticals are L* and survey depth
of V=21

==> For PTF (V=21, at -17),
about 200 per year all sky, so IF
they can be found in the 9 day
cadence, 12 per year at 1 arc-sec.

Courtesy: J. Steinfadt

.Ia’s for PTF


