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How peculiar is peculiar?

Phillips et al. (2007)
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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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SN 2002cx and SN 2005hk– 50 –

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.

Li et al. (2003); Phillips et al. (2007)
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Fig. 10.— Comparison of KAIT BV RI photometry of SN 2005hk (red plus symbols) and

SN 2002cx (black circles). The light curves have been normalized to the same peak magni-
tudes.

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

SN2002cx



These are Type Ia Supernovae

Chornock et al. (2006)
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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



SN 2005hk light curves

Phillips et al. (2007)
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• relatively fast decline in B,V 
Δm15(B) ≃ 1.6 mag (unlike 91T)

• broad, plateau-like in R

• no second peak in IR

• slow decline after the knee

slow late-time decline

0.014 mag day -1

SDSS late-time light curve

J. Holtzman, NMSU



SN 2002cx Late-Time Spectra

Jha et al. (2006)



SN 2002cx Late-Time Spectra

Jha et al. (2006)



SN 2002cx: full of iron

Li et al. (2007, 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. (2007, 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



The SN 2002cx-like Subclass
• SN 2002cx, 2005hk, 2003gq, 2005P, 

2005cc, 1991bj (Stanishev 2006)

• Like normal SN Ia, 2005hk has low 
polarization (Chornock et al. 2006)

• very low velocities and luminosities

• all in blue, 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)



The SN 2002cx-like Subclass
• SN 2002cx, 2005hk, 2003gq, 2005P, 

2005cc, 1991bj (Stanishev 2006)

• Like normal SN Ia, 2005hk has low 
polarization (Chornock et al. 2006)

• very low velocities and luminosities

• all in blue, late-type hosts

• cosmological implications?

• progenitor models:

• mixed layers, low 56Ni mass

• low-velocity unburned material

• weak 3-d deflagration?

• high mass and density at low 
velocity: “failed” SN Ia? CC?

• peculiar objects may be the key to 
understanding normal SN Ia!Jha et al. (2006)



A Hubble Bubble?

a 6% difference in the 
expansion rate at a radius of 
100 Mpc, roughly isotropic

statistical signifcance is 2.5σ,
but robust with subsamples, 
other distance techniques

Jha, Riess, & Kirshner (2006)



Jha, Riess, & Kirshner (2006)

• a real local void?

• K-corrections?

• photometric offset?

• new data vs. Calán/Tololo?

• morphology/extinction?

a potentially huge systematic
➔ test with more nearby objects!

A Hubble Bubble?



Comparing light-curve fitters
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MLCS2k2 and SALT2 give tightly

correlated light curve parameters!

Small (few percent) differences 
arise in converting these 
parameters to distances.

Conley et al. (2007, in prep)



Comparing light-curve fitters
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THE HUBBLE BUBBLE AND SN Ia COLORS 3
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Fig. 2.— The Hubble bubble as a function of the velocity of the
step in the Hubble constant, czvoid. The left panel shows results
for SALT (with β = 1.82), and the right panel for MLCS2k2. The
grey band is the error in δH/H. The constant value for 16000 <
cz < 19000 km/sec simply reflects the lack of any SN in this range.
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Fig. 3.— δH/H vs. the value of β used to convert the measured
color parameter into a luminosity correction for SIFTO. The rela-
tion is almost, but not quite, linear. Fits to low-z and SNLS data
give β = 2.35± 0.16.

ror in one or more of the packages. However, the ac-
tual cause is more interesting: if one sets β = 4.1 for
SALT/SALT2/SIFTO, they do find evidence for a Hub-
ble bubble at > 2.5σ, as shown in figure 3. The color
model for the most recent version of ∆m15, which also
favors the bubble, is similar to that of MLCS2k2. The
question of the Hubble bubble therefore boils down to
the appropriate value of β – is it the ∼ 4 of Milky-Way
like dust, or is something more complicated going on?

The value of β is relevant because the nearby portion
of the low-z SN sample is redder than the distant por-
tion (figure 4). This is probably due to Malmquist bias
(Malmquist et al. 1936) or other selection effects, since
redder supernova are fainter and harder to detect. The
effects of the color correction are to (relatively) make the
blue SNe dimmer and the red SNe brighter. Malmquist
bias has little effect as long as the appropriate value of β
is applied across the whole sample; however, if the right
value is β = 2 and instead 4 is used, then the distant
portion will be made too faint, and the nearby portion
too bright, which is exactly the effect observed in J07.
MLCS2k2 usually includes a prior on AV , and the de-
fault one does not take into account the redshift depen-
dent effects of Malmquist bias. Adjusting the prior to
reflect this increases the value of δH/H.
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Fig. 4.— The colors of the low-z supernova sample using SALT.
The distant portion of the sample is bluer than the nearby portion,
which is probably caused by selection effects.

4. THE VALUE OF β

If, in fact, β = RB (i.e., it is purely dust), then we
should note that a large range of RBs have been observed
in different environments. However, a sample mean value
of RB = 2 would be quite surprising (Draine 2003), even
with selection effects.

The empirical values for β were calculated in a model
that assumed a smooth local Hubble flow. It is possible
that this could be artificially suppressing δH/H, so we
checked this by refitting β using only high-z SNLS SN,
only the low-z SN below czvoid, and simultaneously with
our fits to δH/H. These give essentially the same result
(β ∼ 2), albeit with larger errors than the full sample.
Therefore, β is robust against the presence of a Hubble
bubble. Monte Carlo studies indicate that the bias in β
(bβ) due to errors in the measurement uncertainties and
covariances is |bβ | < 0.02 for fairly extreme cases.

We can also analyze the results of the MLCS2k2 fits
using the β framework. This differs from what is meant
in J07 by fitting RV (which enforces a certain relation be-
tween the wavelength dependence and scaling of the color
excess relation), and is more similar to the analysis car-
ried out in Riess et al. (1996), who found RV = 2.5± 0.3
(corresponding to β = 3.5) using a smaller sample and
an earlier version of MLCS. We first remove the extinc-
tion correction from the MLCS2k2 distance estimates,
then convert AV into E (B − V ) using RV , and finally
use this to fit for the value of β by minimizing the resid-
uals with respect for the Hubble line via a βE (B − V )
term. We work in B, and find β = 2.7±0.3, which again
should be compared with the expected value of 4.1. Re-
stricting the fit to only SN below czvoid does not change
the results. The fits are shown in figure 5.

Another technique for estimating the amount of ex-
tinction is to use late time (∼ 45 days after peak) color
measurements. The idea is that at late times all SN Ia
have a simple relationship between color and epoch, and
so any difference between the observed colors and the
model at these epochs measures extinction (Phillips et al.
1999, hereafter P99). The evidence for this is based on
a handful of SN for which there is independent evidence
for low extinction, and the distribution of the measured
late-time colors (J07, figure 6). A version of this is used
in the training process of MLCS2k2.

This suggests one more test of β. We take the subsam-
ple of our 61 SNe that have late-time color measurements

Conley et al. (2007, in prep)

a strong change in color excess 
across the low-redshift sample

the Hubble Bubble signature 
depends critically on the 

luminosity/color-excess correction

using the same correction, all the 
light-curve fitters (MLCS2k2, SALT, 

SALT2, and SIFTO) agree.



What’s the correct correction?
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empirical fits:
β ≃ 2

normal dust:
β ≃ 4

So what’s the answer?

Weird dust, even in cases with low extinction? (e.g., scattering: Wang 2005)
A second parameter? Luminosity correlated with an intrinsic color excess?

A combination of normal dust, weird dust, intrinsic variations!?


