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The Power of Nebular Spectroscopy
forbidden lines, optically thin ➞ see “through” the ejecta

SN 1972E in NGC 5253

Kirshner & Oke (1975)



The Power of Nebular Spectroscopy
forbidden lines, optically thin ➞ see “through” the ejecta

12 G. Leloudas et al.: The normal Type Ia SN 2003hv out to very late phases
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Figure 7: The multi-wavelength nebular spectrum of SN 2003hv (solid line). This spectrum is a compilation of our optical spectrum
at +320 days, the NIR spectrum of Motohara et al. (2006) at +394 days, and the SpitzerMIR spectrum of Gerardy et al. (2007) at
+358 days. The optical and NIR spectra have had their flux scaled to match the age of the MIR spectrum with the aid of the V -band
and H-band photometry (see text). For presentation purposes each spectrum was smoothed by a moving average of 3 pixels. Note
also that the MIR spectrum has large associated error bars that are not shown here. The dashed red line shows our model spectrum
(without photoionization) at+400 days.

those previously observed for SNe Ia at these phases, indicating
that this is probably not the case.

We therefore believe that the final photometry indeed mea-
sures the supernova light. Actually, such a slowdown has been
previously seen in several other SNe Ia observed beyond 600
days past maximum in single (usually V -band) observations:
SN 1992A (Cappellaro et al. 1997), SN 2000E (Lair et al. 2006),
and SN 2000cx (S04, their Sect. 6.5). Many of the same consid-
erations apply in the case of SN 2003hv. However, our multi-
color observations suggest that this slowdown may not be char-
acteristic of only the V band. This questions the speculations in
S04 about [Fe I] predominantly emitting in the V band being the
explanation for this behavior.

The main consequence of this observation is that the dra-
matic IRC predicted by some models did not occur at these
phases.

5.4. Bolometric Light Curve and 56Ni Mass

To construct an UV-optical-NIR (UVOIR) light curve of
SN 2003hv, we used the UBV RIJHK photometry from
Tables 4 and 6, including the S-corrections from Table 3. For
missing epochs, the photometry was interpolated by fitting suit-
able functions to the data. At early times, spline interpolation
was used, while at the late nebular phases, linear fits were ini-
tially assumed. However, in some bands, due to deviations from
the linear decay, quadratic or cubic polynomials gave better fits
to the data and were adopted.

In the case of the U band, it was assumed that the light curve
continued the linear decay obtained out to +340 days. For the
K band we made the limiting assumption that it was barely
not detected at +534 days, while the further assumption was
made that the J ! H andH ! K colors do not change between
+530 and +786 days, in order to estimate J andK magnitudes
at the final epoch. None of the upper limits in UJHK bands
was violated by any of these assumptions or fits. The photom-
etry was subsequently corrected for Galactic extinction assum-
ing RV = 3.1 and following the prescription of Schlegel et al.
(1998). Magnitudes were converted to fluxes within the individ-
ual filters and the UVOIR flux (and its associated error) was
obtained by integrating the filter fluxes over wavelength. The
UVOIR luminosity was calculated assuming a distance of 18.79
± 2.60 Mpc. No corrections were applied for the flux lost blue-
ward of U or redward ofK . The UVOIR light curve is displayed
in Fig. 8.

The UVOIR light curve can be used to estimate the amount
of 56Ni synthesized during the explosion. Using the estimate
of the peak brightness and application of Arnett’s rule (Arnett
1982) suggests that 0.40–0.42 M" of 56Ni was synthesized in
the explosion, depending on whether we choose to correct by
an additional 5% or 10% for the flux not observed blueward of
the U band (Stritzinger et al. 2006a, and references therein). The
associated error amounts to 0.07 M", accounting for the errors
in the measured flux and the uncertainty in the rise time. The
error increases to 0.11 M" if the uncertainty in the distance to
NGC 1201 is included.

The 56Ni mass can also be estimated by fitting an energy
deposition function for the radioactive decay of 56Co in the tail

Subaru NIR spectrum +394d 
Motohara et al. (2006)

Spitzer MIR spectrum +358d 
Gerardy et al. (2007)

VLT optical spectrum +320d

[Fe II], [Fe III], [Co III], 
[Ar II], [Ni II], ...

SN 2003hv
Leloudas et al. (2009)

can directly probe spatial and velocity distribution of ejecta,
as well as 56Ni production (e.g., Mazzali et al. 2007)



Peculiar SNe Ia

adapted from Phillips et al. (2007)
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SN 2008A 1 arcmin

NGC 634   DSS
Lick 40”  V-band
January 12, 2008 

Figure 1: Image of SN 2008A from the Lick Observatory 1 m Nickel telescope (left) compared to
the pre-explosion DSS image (right).
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.

– 56 –

-20

-19

-18

-17

B

2005hk

-20

-19

-18

-17

V

-20

-19

-18

-17

M
m
a
x I

-20

-19

-18

-17

J

0.8 1 1.2 1.4 1.6 1.8 2
!m

15
(B)

-20

-19

-18

-17

H

Fig. 14.— The absolute magnitudes of SNe Ia at maximum light in the BV IJH bands

plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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Fig. 14.— The absolute magnitudes of SNe Ia at maximum light in the BV IJH bands

plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Figure 2: February 12, 2008 Keck spectrum of SN 2008A compared to analogues SN 2002cx and
SN 2005hk at similar epochs showing striking homogeneity (left); and absolute optical magnitudes
of SN 2008A and SN 2005hk showing these are outliers compared to a sample of normal SNe Ia
(right; panel adapted from Phillips et al. 2007).

4
Li et al. (2003)

Foley et al. (2009)
Howell et al. (2006)
Hicken et al. (2007)

Yamanaka et al. (2009)

SN 2008A 1 arcmin

NGC 634   DSS
Lick 40”  V-band
January 12, 2008 

Figure 1: Image of SN 2008A from the Lick Observatory 1 m Nickel telescope (left) compared to
the pre-explosion DSS image (right).
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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Fig. 14.— The absolute magnitudes of SNe Ia at maximum light in the BV IJH bands

plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Figure 2: February 12, 2008 Keck spectrum of SN 2008A compared to analogues SN 2002cx and
SN 2005hk at similar epochs showing striking homogeneity (left); and absolute optical magnitudes
of SN 2008A and SN 2005hk showing these are outliers compared to a sample of normal SNe Ia
(right; panel adapted from Phillips et al. 2007).
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These are Type Ia Supernovae

Chornock et al. (2006)
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SN 2005hk (!5)

SN 1997br (!4)

SN 1991T (!9)

SN 1994D (!3)

Fe IIIFe III

Ca II

S II
Si II

Si II

Ca II

Fig. 1.— Flux spectrum of SN 2005hk compared to the similar objects SN 2002cx (2002 May
17; Li et al. 2003), SN 1997br (1997 April 16; Li et al. 1999), and SN 1991T (1991 April

19; Filippenko et al. 1992a). Also plotted is a representative normal SN Ia, SN 1994D (1994
March 17; Filippenko 1997). Narrow nebular emission lines from a superposed H II region
have been clipped from the SN 2002cx spectrum. Numbers in parentheses are dates relative

to B-band maximum. The strong Fe III absorption lines are clearly more blueshifted in SN
1991T and SN 1997br than in SN 2005hk. Some strong absorption lines due to intermediate-

mass elements (S II, Si II, and Ca II) are marked on the SN 1994D spectrum, but they are
weak or absent in the other four objects. For complete line identifications, see Figure 2.

hot at early times

velocities are ½ normal



These are a Class
SN 1991bj
SN 2002cx
SN 2003gq
SN 2004gw
SN 2005P
SN 2005cc
SN 2005hk
SN 2006hn
SN 2007J (?)
SN 2007qd
SN 2008A
SN 2008ae
SN 2008ge

SN 2008ha (?)
SN 2009J

SN 2009ho (?)
...

Foley et al. (2009)
 and references therein

  

Subtype distribution (Volume-limited)

Subtype distribution (magnitude-limited)

•  KAIT background SNe (Gal-Yam et al. 2008):  46 SNe; 74% Ia, 9% Ibc, 17% II
•  Recent PTF: 29 SNe, 72% Ia, 4% Ibc, 24% II.

Lick Observatory SN Search
Volume-limited subtype frequencies

Li et al. (2009, in prep)



Head of the Class Li et al. (2003), Phillips et al. (2007), 
McCully et al. (in prep)

SN 2002cx 455

2003 PASP, 115:453–473

Fig. 1.—V-band KAIT image of the field of SN 2002cx, taken on 2002

May 18. The field of view is 6!. !.7. The eight local standard stars are7# 6

marked (1–8).

TABLE 1

Photometry of Comparison Stars

ID V B!V V!R V!I Ncalib

1 . . . . . . 15.467(06) 0.635(30) 0.410(08) 0.807(30) 2

2 . . . . . . 17.254(26) 0.608(33) 0.374(30) 0.744(36) 3

3 . . . . . . 16.332(23) 0.523(40) 0.338(20) 0.663(12) 2

4 . . . . . . 16.503(15) 0.509(40) 0.376(07) 0.734(08) 2

5 . . . . . . 16.788(34) 0.586(20) 0.362(17) 0.755(37) 6

6 . . . . . . 17.026(40) 0.796(21) 0.499(09) 0.967(35) 6

7 . . . . . . 17.109(36) 0.658(13) 0.407(18) 0.819(45) 6

8 . . . . . . 17.901(39) 1.166(62) 0.831(17) 1.528(55) 6

Note.—All quantities are magnitudes. Uncertainties in the last two

digits are indicated in parentheses.

Fig. 2.—Preliminary B, V, R, and I light curves of SN 2002cx. The open
circles are the KAIT measurements, and the filled circles are the Nickel data.

For most of the points, the statistical uncertainties are smaller than the plotted

symbols. The upper panel shows the results from the adopted galaxy-subtrac-

tion technique discussed in the text, while the lower panel shows a comparison

between the galaxy-subtraction photometry (solid lines) and the PSF-fitting

photometry (open and filled circles).

(Stetson 1987) and then employed to determine transformation

coefficients to the standard Johnson-Cousins BVRI system. The

derived transformation coefficients and color terms were then

used to calibrate the sequence of eight local standard stars in

the SN 2002cx field. The magnitudes of these eight stars and

the associated uncertainties derived by averaging over the pho-

tometric nights are listed in Table 1. Notice that the local stan-

dard stars have different numbers of calibrations (last column

in Table 1) because the two telescopes have different total fields

of view.

We tried the point-spread function (PSF) fitting method (Stet-

son 1987) to perform differential photometry of SN 2002cx

relative to the comparison stars, but the results are less than

satisfactory. As can be seen in Figure 1, SN 2002cx is con-

taminated by its host galaxy (especially in the R and I bands),

and the relatively poor resolution of KAIT images together

with seeing variations yield fluctuations at the !0.1–0.2 mag

level in the final light curves (lower panel in Fig. 2). The PSF-

fitting method also overestimates the brightness of SN 2002cx,

as a negative residual can be seen at the position of the SN on

the processed images with SN 2002cx and the comparison stars

subtracted.

The solution for getting precise photometry of SN 2002cx

is to obtain BVRI template images after the SN fades and apply

galaxy subtraction to remove the galaxy contamination. We

have attempted to get these template images with both KAIT

and the Nickel telescope (which has better resolution than the

KAIT data) when SN 2002cx was 7 months old, but unfor-

tunately, owing to its slow late-time decline (see below for

SN 2008A 1 arcmin

NGC 634   DSS
Lick 40”  V-band
January 12, 2008 

Figure 1: Image of SN 2008A from the Lick Observatory 1 m Nickel telescope (left) compared to
the pre-explosion DSS image (right).
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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Fig. 14.— The absolute magnitudes of SNe Ia at maximum light in the BV IJH bands

plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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Fig. 14.— The absolute magnitudes of SNe Ia at maximum light in the BV IJH bands

plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Figure 2: February 12, 2008 Keck spectrum of SN 2008A compared to analogues SN 2002cx and
SN 2005hk at similar epochs showing striking homogeneity (left); and absolute optical magnitudes
of SN 2008A and SN 2005hk showing these are outliers compared to a sample of normal SNe Ia
(right; panel adapted from Phillips et al. 2007).
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Remarkable Homogeneity

SN 2008A 1 arcmin

NGC 634   DSS
Lick 40”  V-band
January 12, 2008 

Figure 1: Image of SN 2008A from the Lick Observatory 1 m Nickel telescope (left) compared to
the pre-explosion DSS image (right).
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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Fig. 14.— The absolute magnitudes of SNe Ia at maximum light in the BV IJH bands

plotted versus the decline rate parameter !m15(B). The black triangles are SNe in the
redshift range 0.01 < z < 0.1 whose distances were calculated from their host galaxy radial

velocities in the cosmic microwave background frame assuming a Hubble constant of H0 = 72
km s!1 Mpc!1. The red circle in each panel corresponds to SN 2005hk.
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Fig. 8.— Comparison of spectra of SN 2005hk at phases of -5, +13, +24, and +55 days with

similar epoch spectra of SN 2002cx from LFC. The spectra are plotted on a logarithmic flux
scale and shifted by an arbitrary constant. The wavelengths of the spectra were shifted to

the SN rest frame using the heliocentric velocities of the host galaxies given in NED.
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Figure 2: February 12, 2008 Keck spectrum of SN 2008A compared to analogues SN 2002cx and
SN 2005hk at similar epochs showing striking homogeneity (left); and absolute optical magnitudes
of SN 2008A and SN 2005hk showing these are outliers compared to a sample of normal SNe Ia
(right; panel adapted from Phillips et al. 2007).
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SN 2002cx-like objects more similar to each other than normal SNe Ia are!



The Power of Nebular Spec...wait, what?!

Jha et al. (2006)



SN 2002cx Late-Time Spectra

Jha et al. (2006)



SN 2002cx: full of iron

Li et al. (2009, in prep)

2002cx (observed)

New SYNOW fit

SYNOW fit in Jha et al. paper

2002cx (observed)

New SYNOW fit

SYNOW fit in Jha et al. paper



SN 2005hk observed even later

Chornock, Foley, & Filippenko (2006)
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v ≃ 500 km s-1!

Li et al. (2009, in prep)

• unprecedentedly low velocities
• still dominated by permitted Fe
• no sign of [O I] 6300 A
• good density diagnostics:          

[Ca II]/Ca II, [Fe II]/Fe II,               
≳102-103 higher than normal SN Ia

McCully et al. (in prep)



Properties of the Subclass
• like normal SNe Ia, 2005hk has low 

polarization (Chornock et al. 2006)
• very low velocities and luminosities
• mixed ejecta at all velocities 

(Fe-peak, IMEs, unburned?)
• low 56Ni mass, ~ 0.2 M☉

• majority in late-type hosts
SN 2002cx host

NGC 5468 (SN 2005P host) UGC 272 (SN 2005hk host)

NGC 7407 (SN 2003gq host)

Jha et al. (2006)



Host Galaxies: Morphology

Foley et al. (2009)

No. 2, 2009 SN 2008ha 387

Table 9
Host-Galaxy Properties of SN 2002cx-like Objects

SN Name Reference Host-Galaxy Name Morphology

1991bj 1,2,3 IC 344 Sb
2002cx 4,5,6 CGCG 044-035 Sb
2003gq 7,8 NGC 7407 Sbc
2004gw 1,9,10 PGC 16812 Sbc
2005P 6 NGC 5468 Scd
2005cc 11 NGC 5383 Sb
2005hk 12,13,14 UGC 272 Sd
2006hn 1,15 NGC 6154 Sa
2007Ja 16,17 UGC 1778 Sd
2007qd 18 SDSS J020932.74-005959.6 Sc
2008A 19 NGC 634 Sa
2008ae 20 IC 577 Sc
2008ge 21 NGC 1527 S0
2008ha 1,22,23 UGC 12682 Irr
2009J 24 IC 2160 Sbc

References. (1) This paper; (2) Pollas et al. 1992; (3) Stanishev et al. 2007;
(4) Li et al. 2003; (5) Branch et al. 2004; (6) Jha et al. 2006; (7) Filippenko
et al. 2003b; (8) Filippenko & Chornock 2003; (9) Foley & Filippenko 2005;
(10) Filippenko & Foley 2005; (11) Antilogus et al. 2005; (12) Chornock et al.
2006; (13) Phillips et al. 2007; (14) Sahu et al. 2008; (15) Foley et al. 2006; (16)
Filippenko et al. 2007a; (17) Filippenko et al. 2007b; (18) Goobar et al. 2007;
(19) Blondin & Berlind 2008; (20) Blondin & Calkins 2008; (21) Stritzinger
et al. 2008; (22) Foley 2008; (23) Valenti et al. (2009); (24) Stritzinger 2009.
a Shows He i emission lines at late times and may not be a true member of
the class. It has been removed from the sample when discussing host-galaxy
properties.

of normal SNe Ia, are immediately apparent in Figure 12.
SN 2002cx-like events have, on average, later-type host galaxies
than normal SNe Ia.

Examining Figure 12, all distributions other than that of
SN 1991bg-like SN host galaxies are somewhat similar. Per-
forming a Kolmogorov–Smirnov (K–S) test on the data, we find
that SN 1991bg-like objects, SNe II, and SNe Ic have signifi-
cantly different distributions from normal SNe Ia. SNe Ib and
SN 1991T-like objects have marginally different distributions
from normal SNe Ia. In a similar study, Kelly et al. (2008) found
that the locations of SNe Ia, Ib, and II all followed the galaxy
light, while SNe Ic were more likely to be found in the bright-
est regions of a galaxy, indicating more massive progenitors for
SNe Ic than SNe Ib or II. Except for SN 1991bg-like objects,
no SN class has a significantly different host-galaxy morphol-
ogy distribution from SN 2002cx-like objects. Although these
results may change with a slightly different sample (KAIT is
biased to luminous galaxies) or with increased numbers, we
cannot say that SN 2002cx-like objects have a different host-
galaxy morphology distribution from any SN class other than
SN 1991bg-like events.

We find that 12% of the normal SN Ia hosts in the KAIT
sample are elliptical galaxies. If SN 2002cx-like events have
the same host-morphology distribution as normal SNe Ia, we
would expect to have found 1.7 ± 1.3 SNe (1.8 ± 1.3 if we
include SN 2007J) of the SN 2002cx class in elliptical galaxies,
consistent with our finding zero members in elliptical galaxies.
We find that 31% of SNe Ia come from E through S0/a galaxies.
If we assume that SN 2002cx-like objects and normal SNe Ia
have the same host-galaxy morphology distribution, then we
would expect 4.4 ± 2.1 SNe (4.7 ± 2.2 if we include SN 2007J)
of the SN 2002cx class in early-type galaxies. This prediction is
consistent with our measurement of two members in early-type
galaxies.
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Figure 12. Fraction of host galaxies in a given morphological bin for the
(sub)classes of SN 2002cx-like objects (black histogram), SN 1991bg-like
objects (purple histogram), SN 1991T-like objects (blue histogram), SNe II
(green histogram), SNe Ib (yellow histogram), SNe Ic (orange histogram), and
normal SNe Ia (black line).

5.3. The Host Galaxy of SN 2008ha

In addition to the morphology measurements for all
SN 2002cx-like host galaxies, we have made additional mea-
surements of UGC 12682, the host of SN 2008ha.

Takamiya et al. (1995) measured UGC 12682 to have V =
13.84 mag and B ! V = 0.28 mag within an aperture of 84.""5
radius. With our adopted distance modulus and correcting for
Milky Way extinction (Schlegel et al. 1998), we find MV =
!18.0 mag, comparable to the absolute magnitude of the Large
Magellanic Cloud (LMC; MV = !18.4 mag).

For our LRIS observation, we positioned the slit to go through
a bright knot in UGC 12682. The emission from the host galaxy
in a 16"" aperture around this bright knot displays intensity ratios
of [N ii] !6584/H" = 0.057 and [O iii] !5007/H# = 4.0. The
N2 and O3N2 metallicity indicators of Pettini & Pagel (2004)
give consistent estimates for the host-galaxy oxygen abundance
of 12 + log(O/H) = 8.16 ± 0.15, well below the solar value of
8.9 or 8.7 (Delahaye & Pinsonneault 2006; Asplund et al. 2005).

We can use the far-infrared luminosity of UGC 12682 to
estimate its star formation rate (SFR). Assuming a distance of
21.3 Mpc and the IRAS measurements of the 60 and 100 µm
flux (Melisse & Israel 1994), the calibration of Kennicutt (1998)
yields an estimate for the SFR of 0.07 M# yr!1. Although this
seems low for a “star-forming galaxy,” it is consistent with its
luminosity. Using the same calibration for the far-IR luminosity,
Whitney et al. (2008) find an SFR for the LMC of 0.17 M# yr!1,
about 2.5 times larger than that of UGC 12682 (while the LMC
is about 1.5 times more luminous).

6. MODEL COMPARISONS

With our extensive data set, derived values for the energet-
ics, host-galaxy properties, and knowledge of the host-galaxy
morphology distribution of SN 2002cx-like objects, we can in-
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Examining Figure 12, all distributions other than that of
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forming a Kolmogorov–Smirnov (K–S) test on the data, we find
that SN 1991bg-like objects, SNe II, and SNe Ic have signifi-
cantly different distributions from normal SNe Ia. SNe Ib and
SN 1991T-like objects have marginally different distributions
from normal SNe Ia. In a similar study, Kelly et al. (2008) found
that the locations of SNe Ia, Ib, and II all followed the galaxy
light, while SNe Ic were more likely to be found in the bright-
est regions of a galaxy, indicating more massive progenitors for
SNe Ic than SNe Ib or II. Except for SN 1991bg-like objects,
no SN class has a significantly different host-galaxy morphol-
ogy distribution from SN 2002cx-like objects. Although these
results may change with a slightly different sample (KAIT is
biased to luminous galaxies) or with increased numbers, we
cannot say that SN 2002cx-like objects have a different host-
galaxy morphology distribution from any SN class other than
SN 1991bg-like events.

We find that 12% of the normal SN Ia hosts in the KAIT
sample are elliptical galaxies. If SN 2002cx-like events have
the same host-morphology distribution as normal SNe Ia, we
would expect to have found 1.7 ± 1.3 SNe (1.8 ± 1.3 if we
include SN 2007J) of the SN 2002cx class in elliptical galaxies,
consistent with our finding zero members in elliptical galaxies.
We find that 31% of SNe Ia come from E through S0/a galaxies.
If we assume that SN 2002cx-like objects and normal SNe Ia
have the same host-galaxy morphology distribution, then we
would expect 4.4 ± 2.1 SNe (4.7 ± 2.2 if we include SN 2007J)
of the SN 2002cx class in early-type galaxies. This prediction is
consistent with our measurement of two members in early-type
galaxies.
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Figure 12. Fraction of host galaxies in a given morphological bin for the
(sub)classes of SN 2002cx-like objects (black histogram), SN 1991bg-like
objects (purple histogram), SN 1991T-like objects (blue histogram), SNe II
(green histogram), SNe Ib (yellow histogram), SNe Ic (orange histogram), and
normal SNe Ia (black line).

5.3. The Host Galaxy of SN 2008ha

In addition to the morphology measurements for all
SN 2002cx-like host galaxies, we have made additional mea-
surements of UGC 12682, the host of SN 2008ha.

Takamiya et al. (1995) measured UGC 12682 to have V =
13.84 mag and B ! V = 0.28 mag within an aperture of 84.""5
radius. With our adopted distance modulus and correcting for
Milky Way extinction (Schlegel et al. 1998), we find MV =
!18.0 mag, comparable to the absolute magnitude of the Large
Magellanic Cloud (LMC; MV = !18.4 mag).

For our LRIS observation, we positioned the slit to go through
a bright knot in UGC 12682. The emission from the host galaxy
in a 16"" aperture around this bright knot displays intensity ratios
of [N ii] !6584/H" = 0.057 and [O iii] !5007/H# = 4.0. The
N2 and O3N2 metallicity indicators of Pettini & Pagel (2004)
give consistent estimates for the host-galaxy oxygen abundance
of 12 + log(O/H) = 8.16 ± 0.15, well below the solar value of
8.9 or 8.7 (Delahaye & Pinsonneault 2006; Asplund et al. 2005).

We can use the far-infrared luminosity of UGC 12682 to
estimate its star formation rate (SFR). Assuming a distance of
21.3 Mpc and the IRAS measurements of the 60 and 100 µm
flux (Melisse & Israel 1994), the calibration of Kennicutt (1998)
yields an estimate for the SFR of 0.07 M# yr!1. Although this
seems low for a “star-forming galaxy,” it is consistent with its
luminosity. Using the same calibration for the far-IR luminosity,
Whitney et al. (2008) find an SFR for the LMC of 0.17 M# yr!1,
about 2.5 times larger than that of UGC 12682 (while the LMC
is about 1.5 times more luminous).

6. MODEL COMPARISONS

With our extensive data set, derived values for the energet-
ics, host-galaxy properties, and knowledge of the host-galaxy
morphology distribution of SN 2002cx-like objects, we can in-

consistent with CC SNe distribution, but also 91T-like distribution 
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Pinpointing SN 2008A

HST and Ground-Based Observations of SN 2008A: 

A Peculiar SN 2002cx-like Type Ia Supernova

Abstract  
We present HST and ground-based 
observations of SN 2008A. The 
early-time spectra and light curves 
show that SN 2008A is very similar 
to SN 2002cx and SN 2005hk, 
making it part of the SN 2002cx-like 
subc lass o f pecu l ia r type Ia 
supernovae (Jha et al. 2006). Late-
time spectroscopy of members of 
this class, including SN 2008A, 
provide evidence for significant 
amounts of high density, low velocity 
material.  Even though this is a very 
uniform class of Type Ia supernovae, 
from HST imaging we find that SN 
2008A is declining faster at late 
times than SN 2005hk. We will 
obtain a second epoch of HST 
imaging in late August 2009 to follow 
SN 2008A and constrain models for 
t h i s subc lass , i n c l ud i ng t he 
possibility of a pure deflagration 
explosion.

Figure 2: Spectral similarity of SN2002cx, SN 2005hk, and SN 2008A. The SN 
2002cx-like class have remarkably homogeneous spectra throughout their 
evolution, even more than normal SNe Ia. The SN 2008A spectra were 
obtained with the Lick 3m Shane telescope (+ KAST) and Keck I (+ LRIS). 
The SN 2002cx spectra are from Li et al. (2003), and the spectra for SN 
2005hk are from Phillips et al. (2007). 

Figure 3: Early time BVRI light curves of SN 2008A from Lick Observatory 
(KAIT and 40” Nickel) compared to SN 2002cx (Li et al. 2003) and SN 2005hk 
(Phillips et al 2007), shifted to match at peak. Like the spectra, the light 
curves are very uniform.

Introduction
Type Ia supernovae (SNe Ia) have 
provided the precise cosmological 
distances that led to the discovery of 
the accelerating Universe (Riess et al. 
1998, Perlmutter et al. 1999). While 
the vast majority of SNe Ia can be 
well described by a single parameter 
relating luminosity to light-curve 
shape (e.g., Phillips 1993) some 
outliers do exist. SN 2002cx (Li et al. 
2003) and SN 2005hk (Phillips et al. 
2007) are prototypes of a very 
homogeneous subclass of peculiar 
SNe Ia (Jha et al. 2006), which are 
about one magnitude fainter than 
normal, with early-time spectra 
showing expansion velocities about 
half those of normal SNe Ia. These 
low velocities persist to late times, 
providing a deep look into the 
explosion. Understanding what makes 
SN 2002cx-like SNe Ia different from 
their normal counterparts will be an 
important step in putting supernova 
cosmology on a more solid theoretical 
foundation.  

Discussion 
! The unique characteristics of the SN 
2002cx-like subclass may be explained by 
models in which the explosion is a 
deflagration, with the nuclear burning front 
remaining subsonic (e.g., Kozma et al. 
2005). However, these models generically 
predict unburned material at all layers and 
the emergence of strong [O I] 6300 A 
emission at late times. We have not yet 
seen this emission, either in the late-time 
spectra, or the late-time photometry in the r 
band. As the density continues to fall, later 
epoch observations will severely constrain 
these models.

! SN 2008A may provide evidence for the 
predicted, but not yet observed, "IR 
catastrophe" in which the dominant 
emission shifts from the optical bands to 
the far infrared as the ejecta cool below a 
critical temperature (e.g., Axelrod 1980; 
Fransson et al. 1996; Sollerman et al. 
2004). The higher densities in SN 2002cx-
like objects would lead to enhanced cooling 
and an earlier IR catastrophe. SN 2008A 
does appear to be declining more rapidly in 
the optical than other objects; if this is a 
signature of the IR catastrophe, we should 
expect a strong optical color change in our 
second HST epoch.

! Understanding the physics behind this 
peculiar, but very homogeneous, subclass 
promises to also shed light on the 
progenitors of normal SNe Ia and how they 
explode (e.g., do normal SNe Ia require a 
deflagration to detonation transition?)

Figure 1: Hubble Space Telescope observations of SN 2008A in NGC 634 (z=0.016), from February 2009 about 400 days after the B-band maximum. 
The supernova is very faint, with F555W = 24.3 +/- 0.1, F622W = 24.2 +/- 0.1, F791W = 23.1 +/- 0.1, and F850LP = 23.6 +/- 0.3 mag. Note the location of 
SN 2008A in the outskirts of a spiral galaxy.

Figure 5: Late-time spectra of SN 2008A and SN 2005hk. Both spectra show 
permitted Fe II lines mixed with intermediate mass elements (Na, Ca) and 
possible unburned material (O) at low velocities. The presence of both 
forbidden [Ca II] and permitted Ca II at the same velocities implies a density 
several orders of magnitude higher than in normal SNe Ia. Both spectra also 
show evolution to lower density as the forbidden [CaII] lines begin to 
dominate the permitted Ca II. However, some slight differences are apparent: 
note the lower expansion velocities in SN 2005hk (down to 500 km/s, 
unprecedentedly low in any SN Ia). At these late epochs, SN 2002cx-like 
objects are radically different from normal SNe Ia, which in the nebular phase 
are dominated by forbidden iron lines with typical expansion velocities of 
3000 km/s.

Figure 4: Late-time ground and HST photometry of SN 2008A, compared to SN 2002cx (Li et al. 2003), SN 2005hk (Phillips et al. 2007; Sahu 
et al 2008), and the normal type Ia SN 1992A (Kirshner et al. 1993). The HST data show that SN 2008A is declining more rapidly at late times 
than its counterparts SN 2002cx and SN 2005hk. Additional HST observations of SN 2008A are scheduled for late August 2009 as marked.
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HST and Ground-Based Observations of SN 2008A: 

A Peculiar SN 2002cx-like Type Ia Supernova

Abstract  
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observations of SN 2008A. The 
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show that SN 2008A is very similar 
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making it part of the SN 2002cx-like 
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supernovae (Jha et al. 2006). Late-
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obtained with the Lick 3m Shane telescope (+ KAST) and Keck I (+ LRIS). 
The SN 2002cx spectra are from Li et al. (2003), and the spectra for SN 
2005hk are from Phillips et al. (2007). 

Figure 3: Early time BVRI light curves of SN 2008A from Lick Observatory 
(KAIT and 40” Nickel) compared to SN 2002cx (Li et al. 2003) and SN 2005hk 
(Phillips et al 2007), shifted to match at peak. Like the spectra, the light 
curves are very uniform.

Introduction
Type Ia supernovae (SNe Ia) have 
provided the precise cosmological 
distances that led to the discovery of 
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Figure 1: Hubble Space Telescope observations of SN 2008A in NGC 634 (z=0.016), from February 2009 about 400 days after the B-band maximum. 
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Figure 5: Late-time spectra of SN 2008A and SN 2005hk. Both spectra show 
permitted Fe II lines mixed with intermediate mass elements (Na, Ca) and 
possible unburned material (O) at low velocities. The presence of both 
forbidden [Ca II] and permitted Ca II at the same velocities implies a density 
several orders of magnitude higher than in normal SNe Ia. Both spectra also 
show evolution to lower density as the forbidden [CaII] lines begin to 
dominate the permitted Ca II. However, some slight differences are apparent: 
note the lower expansion velocities in SN 2005hk (down to 500 km/s, 
unprecedentedly low in any SN Ia). At these late epochs, SN 2002cx-like 
objects are radically different from normal SNe Ia, which in the nebular phase 
are dominated by forbidden iron lines with typical expansion velocities of 
3000 km/s.

Figure 4: Late-time ground and HST photometry of SN 2008A, compared to SN 2002cx (Li et al. 2003), SN 2005hk (Phillips et al. 2007; Sahu 
et al 2008), and the normal type Ia SN 1992A (Kirshner et al. 1993). The HST data show that SN 2008A is declining more rapidly at late times 
than its counterparts SN 2002cx and SN 2005hk. Additional HST observations of SN 2008A are scheduled for late August 2009 as marked.
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evolution, even more than normal SNe Ia. The SN 2008A spectra were 
obtained with the Lick 3m Shane telescope (+ KAST) and Keck I (+ LRIS). 
The SN 2002cx spectra are from Li et al. (2003), and the spectra for SN 
2005hk are from Phillips et al. (2007). 

Figure 3: Early time BVRI light curves of SN 2008A from Lick Observatory 
(KAIT and 40” Nickel) compared to SN 2002cx (Li et al. 2003) and SN 2005hk 
(Phillips et al 2007), shifted to match at peak. Like the spectra, the light 
curves are very uniform.

Introduction
Type Ia supernovae (SNe Ia) have 
provided the precise cosmological 
distances that led to the discovery of 
the accelerating Universe (Riess et al. 
1998, Perlmutter et al. 1999). While 
the vast majority of SNe Ia can be 
well described by a single parameter 
relating luminosity to light-curve 
shape (e.g., Phillips 1993) some 
outliers do exist. SN 2002cx (Li et al. 
2003) and SN 2005hk (Phillips et al. 
2007) are prototypes of a very 
homogeneous subclass of peculiar 
SNe Ia (Jha et al. 2006), which are 
about one magnitude fainter than 
normal, with early-time spectra 
showing expansion velocities about 
half those of normal SNe Ia. These 
low velocities persist to late times, 
providing a deep look into the 
explosion. Understanding what makes 
SN 2002cx-like SNe Ia different from 
their normal counterparts will be an 
important step in putting supernova 
cosmology on a more solid theoretical 
foundation.  

Discussion 
! The unique characteristics of the SN 
2002cx-like subclass may be explained by 
models in which the explosion is a 
deflagration, with the nuclear burning front 
remaining subsonic (e.g., Kozma et al. 
2005). However, these models generically 
predict unburned material at all layers and 
the emergence of strong [O I] 6300 A 
emission at late times. We have not yet 
seen this emission, either in the late-time 
spectra, or the late-time photometry in the r 
band. As the density continues to fall, later 
epoch observations will severely constrain 
these models.

! SN 2008A may provide evidence for the 
predicted, but not yet observed, "IR 
catastrophe" in which the dominant 
emission shifts from the optical bands to 
the far infrared as the ejecta cool below a 
critical temperature (e.g., Axelrod 1980; 
Fransson et al. 1996; Sollerman et al. 
2004). The higher densities in SN 2002cx-
like objects would lead to enhanced cooling 
and an earlier IR catastrophe. SN 2008A 
does appear to be declining more rapidly in 
the optical than other objects; if this is a 
signature of the IR catastrophe, we should 
expect a strong optical color change in our 
second HST epoch.

! Understanding the physics behind this 
peculiar, but very homogeneous, subclass 
promises to also shed light on the 
progenitors of normal SNe Ia and how they 
explode (e.g., do normal SNe Ia require a 
deflagration to detonation transition?)

Figure 1: Hubble Space Telescope observations of SN 2008A in NGC 634 (z=0.016), from February 2009 about 400 days after the B-band maximum. 
The supernova is very faint, with F555W = 24.3 +/- 0.1, F622W = 24.2 +/- 0.1, F791W = 23.1 +/- 0.1, and F850LP = 23.6 +/- 0.3 mag. Note the location of 
SN 2008A in the outskirts of a spiral galaxy.

Figure 5: Late-time spectra of SN 2008A and SN 2005hk. Both spectra show 
permitted Fe II lines mixed with intermediate mass elements (Na, Ca) and 
possible unburned material (O) at low velocities. The presence of both 
forbidden [Ca II] and permitted Ca II at the same velocities implies a density 
several orders of magnitude higher than in normal SNe Ia. Both spectra also 
show evolution to lower density as the forbidden [CaII] lines begin to 
dominate the permitted Ca II. However, some slight differences are apparent: 
note the lower expansion velocities in SN 2005hk (down to 500 km/s, 
unprecedentedly low in any SN Ia). At these late epochs, SN 2002cx-like 
objects are radically different from normal SNe Ia, which in the nebular phase 
are dominated by forbidden iron lines with typical expansion velocities of 
3000 km/s.

Figure 4: Late-time ground and HST photometry of SN 2008A, compared to SN 2002cx (Li et al. 2003), SN 2005hk (Phillips et al. 2007; Sahu 
et al 2008), and the normal type Ia SN 1992A (Kirshner et al. 1993). The HST data show that SN 2008A is declining more rapidly at late times 
than its counterparts SN 2002cx and SN 2005hk. Additional HST observations of SN 2008A are scheduled for late August 2009 as marked.
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HST and Ground-Based Observations of SN 2008A: 

A Peculiar SN 2002cx-like Type Ia Supernova

Abstract  
We present HST and ground-based 
observations of SN 2008A. The 
early-time spectra and light curves 
show that SN 2008A is very similar 
to SN 2002cx and SN 2005hk, 
making it part of the SN 2002cx-like 
subc lass o f pecu l ia r type Ia 
supernovae (Jha et al. 2006). Late-
time spectroscopy of members of 
this class, including SN 2008A, 
provide evidence for significant 
amounts of high density, low velocity 
material.  Even though this is a very 
uniform class of Type Ia supernovae, 
from HST imaging we find that SN 
2008A is declining faster at late 
times than SN 2005hk. We will 
obtain a second epoch of HST 
imaging in late August 2009 to follow 
SN 2008A and constrain models for 
t h i s subc lass , i n c l ud i ng t he 
possibility of a pure deflagration 
explosion.

Figure 2: Spectral similarity of SN2002cx, SN 2005hk, and SN 2008A. The SN 
2002cx-like class have remarkably homogeneous spectra throughout their 
evolution, even more than normal SNe Ia. The SN 2008A spectra were 
obtained with the Lick 3m Shane telescope (+ KAST) and Keck I (+ LRIS). 
The SN 2002cx spectra are from Li et al. (2003), and the spectra for SN 
2005hk are from Phillips et al. (2007). 

Figure 3: Early time BVRI light curves of SN 2008A from Lick Observatory 
(KAIT and 40” Nickel) compared to SN 2002cx (Li et al. 2003) and SN 2005hk 
(Phillips et al 2007), shifted to match at peak. Like the spectra, the light 
curves are very uniform.
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Type Ia supernovae (SNe Ia) have 
provided the precise cosmological 
distances that led to the discovery of 
the accelerating Universe (Riess et al. 
1998, Perlmutter et al. 1999). While 
the vast majority of SNe Ia can be 
well described by a single parameter 
relating luminosity to light-curve 
shape (e.g., Phillips 1993) some 
outliers do exist. SN 2002cx (Li et al. 
2003) and SN 2005hk (Phillips et al. 
2007) are prototypes of a very 
homogeneous subclass of peculiar 
SNe Ia (Jha et al. 2006), which are 
about one magnitude fainter than 
normal, with early-time spectra 
showing expansion velocities about 
half those of normal SNe Ia. These 
low velocities persist to late times, 
providing a deep look into the 
explosion. Understanding what makes 
SN 2002cx-like SNe Ia different from 
their normal counterparts will be an 
important step in putting supernova 
cosmology on a more solid theoretical 
foundation.  

Discussion 
! The unique characteristics of the SN 
2002cx-like subclass may be explained by 
models in which the explosion is a 
deflagration, with the nuclear burning front 
remaining subsonic (e.g., Kozma et al. 
2005). However, these models generically 
predict unburned material at all layers and 
the emergence of strong [O I] 6300 A 
emission at late times. We have not yet 
seen this emission, either in the late-time 
spectra, or the late-time photometry in the r 
band. As the density continues to fall, later 
epoch observations will severely constrain 
these models.

! SN 2008A may provide evidence for the 
predicted, but not yet observed, "IR 
catastrophe" in which the dominant 
emission shifts from the optical bands to 
the far infrared as the ejecta cool below a 
critical temperature (e.g., Axelrod 1980; 
Fransson et al. 1996; Sollerman et al. 
2004). The higher densities in SN 2002cx-
like objects would lead to enhanced cooling 
and an earlier IR catastrophe. SN 2008A 
does appear to be declining more rapidly in 
the optical than other objects; if this is a 
signature of the IR catastrophe, we should 
expect a strong optical color change in our 
second HST epoch.

! Understanding the physics behind this 
peculiar, but very homogeneous, subclass 
promises to also shed light on the 
progenitors of normal SNe Ia and how they 
explode (e.g., do normal SNe Ia require a 
deflagration to detonation transition?)

Figure 1: Hubble Space Telescope observations of SN 2008A in NGC 634 (z=0.016), from February 2009 about 400 days after the B-band maximum. 
The supernova is very faint, with F555W = 24.3 +/- 0.1, F622W = 24.2 +/- 0.1, F791W = 23.1 +/- 0.1, and F850LP = 23.6 +/- 0.3 mag. Note the location of 
SN 2008A in the outskirts of a spiral galaxy.

Figure 5: Late-time spectra of SN 2008A and SN 2005hk. Both spectra show 
permitted Fe II lines mixed with intermediate mass elements (Na, Ca) and 
possible unburned material (O) at low velocities. The presence of both 
forbidden [Ca II] and permitted Ca II at the same velocities implies a density 
several orders of magnitude higher than in normal SNe Ia. Both spectra also 
show evolution to lower density as the forbidden [CaII] lines begin to 
dominate the permitted Ca II. However, some slight differences are apparent: 
note the lower expansion velocities in SN 2005hk (down to 500 km/s, 
unprecedentedly low in any SN Ia). At these late epochs, SN 2002cx-like 
objects are radically different from normal SNe Ia, which in the nebular phase 
are dominated by forbidden iron lines with typical expansion velocities of 
3000 km/s.

Figure 4: Late-time ground and HST photometry of SN 2008A, compared to SN 2002cx (Li et al. 2003), SN 2005hk (Phillips et al. 2007; Sahu 
et al 2008), and the normal type Ia SN 1992A (Kirshner et al. 1993). The HST data show that SN 2008A is declining more rapidly at late times 
than its counterparts SN 2002cx and SN 2005hk. Additional HST observations of SN 2008A are scheduled for late August 2009 as marked.
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Very late-time light curves

rest-frame days past B maximum light

• Still no evidence 
for [O 1] 6300 from 
r-band light curve

• faster decline in 
optical relative to 
normal SN Ia in 
some cases?

• good candidates to 
observe the IR 
catastrophe? (high ρ 
➞ more cooling)

• new HST data taken 
two days ago!

McCully et al. (in prep)
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Summary... so what are they?

• Power of Nebular Spectroscopy:  why don’t these become nebular? 
why is the density so high at late time? why is [O I] missing?

• if they are deflagrations, do normal SNe Ia then require DDT?
what makes the difference?

• SN 2002cx-like objects are a bona fide class that need explaining

Core-collapse
(e.g., Valenti et al. 2009)

BH/NS fallback
> 30 M☉ star

O+Ne+Mg core
8-10 M☉ star

Thermonuclear
(e.g., Branch et al. 2004)

pure deflagration
(prompt channel only?)

SN 2008ha needs
“failed” deflagration


