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The B-band Hubble diagram

SNLS 3-year Hubble diagram
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SNLS 3-year results

472 SNe Ia

A 0.05 change in w  ~ 1% distance (2% flux) change at z~1

Conley et al. 2011



SNe Ia are not perfect standard candles

and has its origin in the amount of 56Ni produced in the
explosion.

The SN 1991T-like objects constitute only 9% of all
SNe Ia in the local Universe (Li et al. 2011), and fall on the
high-luminosity extension of the luminosity-decline rate
relationship where they mix with SNe Ia with more
normal spectral characteristics. On the other hand, the
SN 1991bg-like events, which account for 15–20% of all
local SNe Ia, form more of a separate subgroup and
display a strong preference to occur in elliptical and
lenticular host galaxies (Hamuy et al. 1996a, 2000; Li
et al. 2011; Gonz!alez-Gait!an 2011). An interesting ques-
tion is whether the 1991bg-like objects are a physically
separate subtype of SNe Ia with different progenitors and/
or explosion mechanisms (e.g. see Pakmor et al. 2010), or
whether they are the smooth extension of ‘normal’ SNe Ia
to the smallest 56Ni masses. In the latter case, it might be
expected that there would be SNe Ia with intermediate
properties, the SN 1986G-like events being the most
likely candidates (Garnavich et al. 2004).

Figure 5 displays the B light curves of three fast-
declining SNe Ia. As is seen, the value of Dm15(B) for
all three SNe is ,1.9, yet the overall shapes of the light
curves are distinct. SN 2006mr, which was a 1991bg-like
event that appeared in NGC 1316 in the outskirts of the
Fornax cluster (Stritzinger et al. 2010), displays the
narrowest of the three light curves. The shape of the light
curve of SN 2005ke in NGC 1371, a member of the
Eridanus Group, is very similar to that of SN 2006mr after

maximum, but displays a slower pre-maximum rise.
Finally, SN 2007on, a 1986G-like event that appeared
in the Fornax cluster member NGC 1404, showed the
slowest pre-maximum rise, and also faded the most from
maximum before reaching the exponential decline phase.
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Figure 5 B light curves of three fast-declining SNe Ia observed by
the CSP.
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Figure 4 Hubble diagrams in BViYJH for 58 SNe Ia observed by the CSP. The peak magnitudes have been corrected only for Galactic dust
extinction. The best-fit lines are shown.
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Corrections for light curve width and colour

Peak brightness

Lightcurve width (s)

Colour (c)

mB = 5 log10 DL + M B −α (s −1)+ βc
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Figure 8. Joint confidence contours between the nuisance parameters !, M1
B (left), and M2

B (right) for low-stretch (solid line) and high-stretch (dashed line) SNe Ia,
using the restricted SN Ia sample described in Section 5.2. The contours enclose 68.3% and 95.4% of the probability, and the fits include all systematic uncertainties.
Only mild tensions exist.

divide the sample into two, for comparison with Section 5.2, in
Table 8.) Note that in these fits we do not include the host galaxy
systematic term, as we are trying to examine the effect of any
host galaxy dependence.

The “multi nuisance parameter” fit results are shown in
Table 9, which gives the values of the nuisance parameters
themselves, and Table 10, which gives the effect on w and
"2. The joint confidence contours for some of the nuisance
parameters are shown in Figure 9. For completeness, we also
give results when only one MB is used.

The data do not support the addition of a different ! parameter
in low- and high-mass galaxies—when this is added to the fits,
the ! values are generally consistent and the quality of the fit, as
indicated by "2, is unchanged. This is true even when only one
MB is used in the fits, and suggests that ! is fairly insensitive to
the details of the environment and characteristics of the SN Ia
progenitor stellar population.

However, there is evidence of different MB (as already fit for)
and different #. The value of # is !3.7 in low-mass galaxies,
versus !2.8 in high-mass galaxies, regardless of whether two
MB are used. A similar trend is seen when physically dividing
the sample into two and performing separate independent fits
as in the previous section (Table 8), and is consistent with
the # difference seen between low- and high-stretch SNe in
Section 5.2, as low-stretch SNe are preferentially found in
massive host galaxies. Generally, the two # values show only a
very small positive covariance and differ at the !4.3$ level.
There is also a substantial reduction in "2 of the fit when
including two # terms. For example, fitting for two #s and
two MB reduces "2 to 405.4 from 423.1 obtained if only one
# is used (for 465 and 466 dof). An F-test indicates that this
additional term is required at "4.5$ .

The variation of # with host properties has been observed
at lower significance by Sullivan et al. (2010) in the SNLS
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Figure 9. Joint confidence contours in the nuisance parameters # and MB (left) and ! and MB (right), allowing all the nuisance parameters to vary according to host
galaxy stellar mass. !1/#1/M1

B refer to SNe Ia in hosts with Mstellar ! 1010M# and !2/#2/M2
B to SNe Ia in hosts with Mstellar > 1010 M#. The full SNLS3 sample is

used, and all systematic uncertainties are included. A significant variation in # with host Mstellar is observed.
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SNe Ia Light curves

decreases as a function of decline rate (or luminosity).
Note that for most SNe Ia, primary maximum in the
NIR occurs several days before the epoch of Bmaximum,
but for some very fast-declining events (e.g. SN 2006mr
in Figure 1), it can occur after B maximum (see also
Section 3).

The origin of the secondary maximum in SNe Ia has
been treated by several authors. H!oflich, Khokhlov &
Wheeler (1995) argued that the secondary maximum was
a temperature–radius effect produced inmodels where the
photospheric radius continues to increase well after
maximum. Pinto & Eastman (2000) explained it as the
release of trapped radiation due to a sudden decrease in
the flux mean opacity when singly-ionised Fe becomes
the dominant ion in the inner ejecta. From detailed
radiative transfer models, Kasen (2006) confirmed that
the secondary maximum is a direct consequence of the
ionization evolution of the Fe-group elements and
explored the dependence of its morphology on the physi-
cal properties of the ejecta.

Studies of I-band light curves (Hamuy et al. 1996b;
Krisciunas et al. 2001; Folatelli et al. 2010) have shown
that the strength of the secondary maximum in SNe Ia
decreases as a function of decline rate (or luminosity),

fading to invisibility in the very fastest-declining objects
(see SN 2006mr in Figure 1). The models indicate that
both the strength and timing of the secondary maximum
are governed principally by the amount of radioactive
56Ni produced in the explosion (H!oflich et al. 1995; Kasen
2006). Nevertheless, at a given decline rate, real differ-
ences are observed in the strength and morphology of the
secondary maximum (Krisciunas et al. 2001; Folatelli
et al. 2010) which may be attributable to secondary para-
meters such as themixing into the ejecta of the 56Ni (Kasen
2006). These differences in the strength of the secondary
maximum can provide valuable insight into the physics of
the explosionmechanism, but at the same time represent a
significant problem for template fitting in the IJHK bands
by light-curve fitters such as SNooPy, where the strength
of the secondary maximum is assumed to be a smoothly
varying function of decline rate (Burns et al. 2011).

The nature of the striking depression at ,1.2 mm that
develops during the phase of the light curve leading up to
the second maximum sparked considerable discussion
after attention was drawn to it by Elias et al. (1981).3
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Figure 1 CSP light curves in BYJH of four SNe Ia covering a wide range of decline rates: SN 2006ax
(Dm15! 0.97), SN 2008hv (Dm15! 1.25), SN 2007on (Dm15! 1.62), and SN 2006mr (Dm15! 1.71).
Arbitrary offsets in magnitude have been subtracted from the data to facilitate comparison.

3
Kirshner et al. (1973) had been the first to detect this feature from

optical and NIR observations of SN 1972E.
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Theoretical expectation
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SNe in the near-IR

Phillips 2012
and has its origin in the amount of 56Ni produced in the
explosion.

The SN 1991T-like objects constitute only 9% of all
SNe Ia in the local Universe (Li et al. 2011), and fall on the
high-luminosity extension of the luminosity-decline rate
relationship where they mix with SNe Ia with more
normal spectral characteristics. On the other hand, the
SN 1991bg-like events, which account for 15–20% of all
local SNe Ia, form more of a separate subgroup and
display a strong preference to occur in elliptical and
lenticular host galaxies (Hamuy et al. 1996a, 2000; Li
et al. 2011; Gonz!alez-Gait!an 2011). An interesting ques-
tion is whether the 1991bg-like objects are a physically
separate subtype of SNe Ia with different progenitors and/
or explosion mechanisms (e.g. see Pakmor et al. 2010), or
whether they are the smooth extension of ‘normal’ SNe Ia
to the smallest 56Ni masses. In the latter case, it might be
expected that there would be SNe Ia with intermediate
properties, the SN 1986G-like events being the most
likely candidates (Garnavich et al. 2004).

Figure 5 displays the B light curves of three fast-
declining SNe Ia. As is seen, the value of Dm15(B) for
all three SNe is ,1.9, yet the overall shapes of the light
curves are distinct. SN 2006mr, which was a 1991bg-like
event that appeared in NGC 1316 in the outskirts of the
Fornax cluster (Stritzinger et al. 2010), displays the
narrowest of the three light curves. The shape of the light
curve of SN 2005ke in NGC 1371, a member of the
Eridanus Group, is very similar to that of SN 2006mr after

maximum, but displays a slower pre-maximum rise.
Finally, SN 2007on, a 1986G-like event that appeared
in the Fornax cluster member NGC 1404, showed the
slowest pre-maximum rise, and also faded the most from
maximum before reaching the exponential decline phase.
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Figure 5 B light curves of three fast-declining SNe Ia observed by
the CSP.
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Figure 4 Hubble diagrams in BViYJH for 58 SNe Ia observed by the CSP. The peak magnitudes have been corrected only for Galactic dust
extinction. The best-fit lines are shown.
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•   Discovered with the Palomar Transient Factory
•   Very early spectroscopy (2 weeks before maximum light)
•   Follow-up with NIRI on Gemini North – 4 epochs in J and H
•   Observed 15 SNe Ia (0.025 < z < 0.08) 

NIRI follow-up of PTF SNe Ia

 H band                                       J band

Text

Barone-Nugent et al. 2012 

PTF10tce z=0.041 PTF10tce z=0.041



H-band Hubble diagram

Scatter in H = 0.10 mag  - in J, about 0.12 mag



(Almost) perfect standard candle

There’s no (or perhaps only a very weak) correlation between Hubble 
residuals and

• colour

• light curve width

But, samples are small



How many points are enough?

Only one point within 10 days of B max is enough,
if the date of B max is known.



Rest frame near-IR Hubble diagram

Rest frame J band at z=0.7 lands in the K band

Technically feasible with MCAO on Gemini South (2 hour exposure)

But one needs of the order of 100 SNe Ia. There are too few asterisms. 

An obvious choice is JWST (can also do rest frame H-band at z=1)



GMT?

GMTIFS - Imager with a 20” field of view 

NGSAO and LTAO - Spatially variable PSF

GLAO - 0.3” (longish exposures)

Choose SNe near brightish stars (WFS and/or PSF)

Supernova + Host      -     Host             =        Supernova                   

PTF10tce z=0.041



Summary

1.   SNe in the near-IR are very good (almost perfect) standard candles

2.   Samples are still small and we’d like to explore other wavelengths (Y, H1, H2?)

3.   A rest frame near-IR Hubble diagram containing ~200 SNe Ia with GMTIFS 
seems feasible if issues with spatially variable PSFs can be overcome.


