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ABSTRACT

✦ Constraining the cosmological parameters and understanding Dark 
Energy have  tremendous implications for the nature of the  Universe and 
its physical laws.  

✦ The pervasive limit of systematic uncertainties reached by 
cosmography based on Cepheids and Type  Ia supernovae (SNe Ia) 
warrants a search for complementary approaches. 

✦ Type II SNe have been shown to offer such a path. Their distances can 
be well constrained by luminosity-based or geometric methods. 
Competing, complementary, and concerted efforts  are  underway, to 
explore  and exploit those objects that are extremely well matched to next 
generation facilities. Spectroscopic follow-up will be enabled by space-
based and 20–40 meter class telescopes. 

✦ Some systematic uncertainties of Type II SNe, such as reddening by 
dust and metallicity effects,  are bound to be different from those of SNe 
Ia. Their stellar progenitors are  known, promising better leverage  on 
cosmic evolution. In addition, their rate – which closely tracks the 
ongoing star formation rate – is expected to rise significantly with look-
back time, ensuring an adequate supply of distant examples. 

✦  These data will competitively constrain the  dark energy equation of 
state, allow the determination of the  Hubble  constant to 5%, and 
promote our understanding of the  processes involved in the  last dramatic 
phases of massive stellar evolution. 
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INTRODUCTION

The current preferred value for the Hubble Constant, is constrained to about 10%, as 
determined by the Hubble Key Project [1]. This value ultimately depends on the Cepheid 
period-luminosity relation in the LMC and other nearby galaxies – that remains remarkably 
uncertain (e.g., [2]). Such errors propagate directly up the distance scale and affect our 
ability to determine global cosmological parameters. For example, measurements of the total 
matter and baryonic content of the Universe via CMB or BAO experiments depend 
quadratically on H0 [3,4], and in turn affect measurements of the Dark Energy density and its 
associated equation-of-state parameter [5,6]. Therefore, even a slight improvement in the 
knowledge of H0 leads to a significant improvement in other cosmological parameters (see 
recent review in [7]). 

Similar concerns plague Type Ia cosmography, as current statistics have virtually caught up 
with the inescapable barrier of systematic uncertainties. Despite a decade of use of SNe Ia as 
standard candles, we are still unclear of the physical nature of the SN Ia explosions. While 
exploring and constraining those uncertainties is one necessary path [8], complementary 
powerful methods should be developed.

Type II plateau SNe (SNe II-P) are the most frequent type of SN. Observationally they are 
defined by the presence of hydrogen in their spectra, and a “plateau”  phase in their light 
curves.  While SNe II-P are less luminous than SNe Ia, they are significantly more common, 
and their rate assuredly rises dramatically to a peak at redshifts 2-3 or beyond. The physics 
leading to their luminosity calibration is well understood, hence cosmic evolution is easier to 
study a priori (e.g., metallicity effects [9]). The progenitors of several objects have been 
found in archival images (e.g., [10,11]); all are red supergiants within a limited range of 
initial stellar masses. This suggests uniformity and perhaps only weak evolutionary trends. 
There are also recent indications that SNe II-P are quite uniform in the UV [12,13].

For more than 30 years, distance measurement methods using Type II SNe have been 
proposed and tested. Some rely on theoretical modeling, while others are mostly empirical, 
yet based on relatively well understood processes occurring in the thick hydrogen 
atmospheres that enshroud those SNe. Through recent methodological progress, combined 
with improved ground- and space-based facilities, SNe II-P offer the rich prospect of a great 
redshift baseline for cosmology and a valuable tracer of modes of star formation in host 
galaxies whose properties can be independently studied. In the following sections we 
describe the techniques, the current status in the field, and the promising prospects for 
different proposed missions. 
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USING SPECTRAL MODELING TO DETERMINE H0

Modern photospheric/spectroscopic methods use synthetic spectroscopy and spectral fitting 
to determine distances[14-24]. Model atmospheres are fit to spectroscopic and photometric 
observations, constraining the angular size of the SN, and thus the angular-diameter distance. 
The good agreement in distances 
derived by competing groups to the 
same SNe (and agreement with 
Cepheid-based distances), using 
different models and methodology 
leads to confidence in the accuracy of 
the approach. 
Such detailed calculations make 
metallicity effects largely irrelevant, 
as long as the photosphere is 
Hydrogen rich and optically thick. 
Model atmosphere calculations 
determine the reddening, while the 
ionization state of the ejecta is found 
independently through line fitting. 
Hence, continuum and line fluxes 
allow one to disentangle the effects of 
reddening from those of ionization/temperature. As a consequence, using SNe II-P to 
determine distances in the Universe is less subject to the systematic uncertainties seen when 
using SNe Ia.
The S/N required for these modeling-based methods inhibits rapid advance. Only a handful 
of nearby SNe are found every year, that are bright enough to be  observed with current large 
telescopes. This also prohibits the use of this method at greater distances with current 
facilities. However, the proposed 20–40m class telescopes (TMT/ELT/GMT; hereafter - 
Giant Segmented Mirror Telescopes – GSMT) and the space-based JWST will push that limit 
significantly, allowing the analysis of more SNe, and more significantly, of more distant SNe 
in the Hubble flow. With a few nights on such a telescope, the Hubble constant could be 
constrained to better than 5%. This, combined with the Standardized Candle Method (see 
below) will allow the establishment of an independent distance ladder from the nearby 
Universe out to cosmological distances. 
Another promising approach would be to better measure the period-luminosity relation for 
Cepheid, RR Lyrae, and Mira variables in the IR, where they should be less prone to dust 
and metallicity effects [25-29]. The same missions that we mention throughout this 
document, combined with parallaxes from the European astrometric mission – GAIA1,  will 
promote that goal through complementary means.
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1 To be launched in 2011.

Figure 1: Model fit to the Type II-P  SN 1999em, from [21]. 
Illustration of the effect of reddening modulations on the SED, 
and the power of synthetic spectroscopy in reconstructing the 
physical parameters of such a SN.



CONSTRAINING THE EQUATION OF STATE

The standardized candle 
method first suggested by 
[30] provides an 
independent empirical way 
to achieve distances to SNe 
II-P, and is strongly 
anchored in simple physics. 
In more luminous SNe, the 
H-recombination front is 
maintained at higher 
velocities; the photosphere 
is farther out in radius. 
When a SN II-P is on the 
plateau phase of its light 
curve (which lasts for 
around 100 rest-frame 
days), there is a strong 
correlation between the 
velocity of the weak Fe   II 
lines near 5000 Å – that 
trace the photospheric velocity – 
and the luminosity on the plateau. This empirical correlation was further studied [31-33] and 
the technique modified to simultaneously solve for the extinction correction (using the rest-
frame V – I color on the plateau) and the Fe II velocity correction to arrive at a tight Hubble 
diagram with a systematic uncertainty of about 10% in distance, only slightly inferior to the 
current status for SNe Ia. 

Given the small quantity of the data required – a few light curve points and a spectrum – this 
method is probably the only framework that could be applied cost-effectively at high 
redshifts. The number of SNe II-P for which distances have been derived is 38, with a similar 
number to be published soon by various groups [34-37].

With current uncertainties in the model (that should improve with upcoming greater samples) 
a handful of SNe at z ~ 0.5 are sufficient to independently measure the effects of acceleration 
to a 3σ confidence level. This is achievable with a few nights on current 8–10m telescopes. 

According to our simulations a few nights on a GSMT would suffice to achieve the S/N 
necessary for about 20 SNe at 0.5  <  z  <  1, and place substantial limits on the equation of 
state of dark energy. The exact limits depend on various details not yet determined, such as 
the capabilities of such an observatory, or on the progress we will see in the intervening 
years with lower-redshift SNe.
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Figure 2: Current status of the Type II-P SN Hubble diagram with 
about 50 objects. The scatter is of the order of 10% in distance, only 
slightly worse than for SNe Ia. Most of those SNe are not in the 
Hubble flow, and have large peculiar velocity uncertainties. This will 
change with near-future samples (see text). 
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DUST AND INTRINSIC PROPERTIES – CONSTRAINING SYSTEMATICS

One of the major systematic uncertainties in SN-Ia-
based cosmology is the separation of intrinsic color 
scatter from extrinsic (both circumstellar and host-
galaxy associated) dust [8]. There have been 
numerous measurements that point to a dust law 
that has significantly and consistently different 
wavelength dependence than the average measured 
in the Milky-Way [38-42]. In addition, there are 
indications that the same unexpected dust 
properties emerge when observing SNe II-P as well 
(e.g., [33]). It has recently been shown that at least 
some SNe II-P are very similar photometrically 
once dust extinction is accounted for [43,44]. 

Since color and reddening are inherently degenerate 
there is no trivial solution,  unless one has a robust model for the underlying emission 

mechanism, as exists for SNe II-P. Any progress 
made in our understanding of the environments 
of one type of SN will fortify our constraints 
using the other. 

Progress requires much larger samples of Type II 
SNe than currently available. Emerging surveys 
such as Pan-STARRS [45, SkyMapper [46], the 
Palomar Transient Factory (PTF; [47,48]), the 
La-Silla SN Search [49], will cover the low-z 
range, to better constrain the different distance 
methods, and to probe the dust content—when 
combined with near-IR observations. 

Future giant surveys such as the Dark Energy 
Survey (DES [50]), LSST [51] and SASIR1 (see 
also [52]) will probe the medium-redshift range, 
in the optical to near-IR. The myriad of SNe II-P 
that these surveys will detect will exceed the 
follow-up capabilities that will be available. 
JDEM and instruments such as Hyper-
SuprimeCam2 will feed high-redshift studies. For 
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1 The Synoptic All-Sky Infrared Imaging survey.  A pre-phase A concept for a new 6.5m telescope in Mexico, designed to 
repeatedly observe the IR sky simultaneously in 4 bands from 1–2.2 micron. First light is expected in 2016.

2 An imager being built for the 8.2m SUBARU telescope, with a field of view of about 3 deg2.

Figure 4: The colors of SN 2003hn, compared to 
SN 1999em, from [41]. The use of IR data allows 
one to constrain the contribution from dust 
extinction in the host galaxy, as opposed to 
intrinsic color.
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those SNe, a GSMT and JWST will be crucial follow-up tools. SNe II-P seem to have a 
bright future mediated by budding and proposed missions. The existence of both 
empirical and theoretical methods allows for control of systematics. SNe II-P should 
become important complementary cosmological probes in the next decade.
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