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We present a survey to obtain a sample of high redshift supernovae (SNe) using HST with
significantly improved efficiency compared to previous HST surveys. By targeting massive
galaxy clusters at z > 1 we obtain an increase in the total yield of SN detections in a well-
understood host environment of dust-free elliptical galaxies. The data will provide a means
for decoupling the effects of host galaxy extinction from intrinsic color in high redshift SNe,
thereby reducing one of the largest systematic uncertainties in SN cosmology.

1 Introduction

SN Ia observations remain the most accurate technique to measure of the expansion history
of the universe, with dedicated surveys covering the full redshift range out to z ∼ 1.5. The
Nearby SN Factory1, Carnegie Supernova Project2, and the SDSS-II SN Survey3 are conducting
ground-based surveys of SNe at low redshifts. Programs like the SN Legacy Survey (SNLS)4

and ESSENCE5 are building samples of several hundred SNe in the intermediate redshift range
(0.3 < z < 0.8) using 4 m class telescopes. SN searches at the highest redshifts are done primarily
with the Hubble Space Telescope (HST), where high resolution and low background provide the
most precise measurements of distant SNe. However, the total number of well-observed high
redshift SNe remains small, with only 23 SNe lightcurves contributing to the full sample at
z > 16. In addition, HST measurements are limited by both the statistical and systematic
uncertainties in the extinction correction of host galaxies.

In a collaboration with members of the IRAC Shallow Cluster Survey7, Red Cluster Sur-
veya, the Palomar Distant Cluster Surveyb, and the XMM-Newton Distant Cluster Project8, the
Supernova Cosmology Project (SCP) designed a program to reduce the primary uncertainty
of in high redshift SNe. We used the Advanced Camera for Surveys (ACS) to search for and
observe SNe in recently discovered massive galaxy clusters in the redshift range 0.9 < z < 1.5.
These massive clusters provide a rich environment of potential high redshift SN hosts and a
well understood population of early type elliptical galaxies. Strong evidence suggests that dust
contributes little to reddening in these early type galaxies. SNe hosted by elliptical galaxies are
therefore expected to suffer from little or no extinction from host galaxy dust.

In this proceeding we present an overview of the HST program to search for and observe
SNe in high redshift galaxy clusters. In §2 we discuss previous SN surveys and the methods used
to correct for extinction from dust in the host galaxies. We describe the observation strategy in
§3 and the SN discoveries in §4. Finally, the summary is found in §5.

ahttp://www.rcs2.org
bhttp://www-int.stsci.edu/∼postman/hizclus/ftp.html



2 Uncertainty in the Color Law

It is well known that SNe conform to a color-brightness relation governed by extinction from
host-galaxy dust and the intrinsic properties of SNe. However, the degeneracy between the two
sources of reddening is poorly understood and there is no generally accepted solution to reduce
the error from SN color in the derived cosmological distances. Multiple analysis techniques have
been employed, sometimes resulting in significantly different cosmological interpretations (e.g.9).

The majority of SN cosmological analyses assume a reddening law that follows the form of
the Cardelli, Claython & Mathis10 extinction law. Many analyses (e.g.6,5) assume an extinction
parameter with the properties of Milky Way dust, RV = AV /E(B − V ) = 3.1, where AV is the
extinction in the rest-frame V band measured in magnitudes. While it may accurately describe
the extinction from host galaxy dust, there is no reason to believe that the intrinsic properties
of SNe are also governed by this relation. In fact, empirical studies of SNe show a significantly
smaller value of RV and even disagree significantly depending on the method and data set.

It has been shown that the intrinsic dispersion in cosmological distances derived from SNe
has a strong dependence on host galaxy type11. SNe hosted by irregular galaxies show the highest
intrinsic dispersion about the Hubble diagram while SNe hosted by early-type galaxies have the
lowest. The increased dispersion in SN distance estimates has been attributed to increased
levels of dust in host galaxies with significant star formation. This observation suggests that
SNe hosted by early-type galaxies suffer significantly less extinction due to dust.

Direct observations support the argument for small amounts of dust in early-type galaxies.
Negligible amounts of dust are observed in high resolution IR images of nearby galaxies12 and
in the scatter of the red-sequence of massive galaxy clusters13,14,15. The small amount of dust
implied by these observations makes cluster-elliptical-hosted SNe at these very high redshifts
the ideal galaxy population to search for SNe.

By searching rich clusters we can significantly increase the yield of high redshift SNe per ACS
field. In addition, the cluster environment will provide an even larger increase in the yield of
elliptical-hosted SNe, expected to have negligible host galaxy extinction. This survey strategy
removes the systematic uncertainty resulting from the degeneracy between intrinsic SN color
and extinction from dust. Any observed residual color is expected to arise solely from the SNe
themselves. The select population of SNe hosted by early type galaxies from this program and
other programs at lower redshift will provide a measure of the SN color brightness relation as
well as cosmological constraints free from the systematic error of host galaxy contamination.

3 Observation Strategy

Massive high redshift galaxy clusters were selected for the SN search using ACS on HST from
July 2005 until December 2006. 25 Clusters were chosen from X-ray, optical, and IR surveys and
cover a redshift range 0.9 < z < 1.5. The high rate of SNe Ia expected due to the presence of
clusters in addition to field galaxies allowed a simple strategy for scheduling search and follow-up
observations. Clusters around a redshift z = 1 were observed approximately once every 26 days.
Clusters at redshifts z > 1.3 were observed once every 20 days for comparable constraints on
the lightcurve parameters of the fainter, more distant SNe. The average visibility window in
two gyro mode was four to five months, for an average of 7-8 ACS visits per cluster.

Immediately following each exposure, the F850LP image was searched for SNe using the
initial visit as a reference as in previous SCP analyses16. Upon discovery of a supernova, we
obtained ground-based spectroscopy using pre-sceduled time on DEIMOS on Keck or FOCAS
on Subaru, or using queue mode observations with FORS2 on VLT. Spectroscopy was used
for precise redshifts, confirmation of galaxy type, and/or a spectrum of the SN itself. After
discovery and confirmation that a SN is at a redshift z > 1, we scheduled additional NIC2



F110W observations within ±5 days of the SN lightcurve peak. A full NICMOS lightcurve
consisting of between four and nine orbits was obtained for the highest redshift SNe Ia (z > 1.3).
In total, the program consisted of 188 pre-scheduled search orbits with ACS and 31 follow-up
orbits with NICMOS.

To illustrate the expected gains in SN yield in this program, we examined the early type
galaxies on the red-sequence in each cluster. It has been shown that the number of galaxies
comprising the red sequence in galaxy clusters scales with cluster mass17. The number of galaxies
that define the red-sequence also defines a sample of likely SN hosts which should have minimal
extinction due to dust. We computed the weak lensing mass and the number of early type
galaxies to estimate the richness of each cluster and to correlate cluster richness with SN yield.
The results are found in Figure 1.

4 SN Discoveries

The program demonstrates that we double the number of z > 1 SNe discovered per ACS field by
searching in rich cluster fields. We obtain an even greater enhancement of the number of SNe in
elliptical hosts. Figure 1a shows that the method is a success on both counts: the new elliptical
hosted SNe are primarily the result of searching in clusters. Moreover, the richer clusters lived
up to expectations for their productivity: all the SN discoveries were in the richer half of the
cluster sample (Figure 1b) with weak lensing mass estimates.

Figure 1: (a) Left Panel: The redshift distribution of the SNe discovered in our ACS program. The upper panel
shows the distribution of elliptical galaxies that had SNe Ia, with the cluster members indicated by “C”. The
asterisk indicates [OII] emission in an otherwise elliptical galaxy spectrum. The lower panel shows the distribution
for non-elliptical hosts. (a) Right Panel: Weak lensing mass versus the number of red-sequence cluster galaxies
from an analysis of our ACS data. The lensing masses were determined from a fit to the tangential shear. The
ngal parameter is an estimate of number of background subtracted galaxies in a 1 Mpc radius aperture with a
color (i775 - z850) within 0.1 mag of the cluster red-sequence. The dashed line shows a model based on composite

SDSS clusters. The clusters that hosted SNe were all in the unshaded (higher richness) region.

As reported in Figure 1, by searching in rich clusters we found and studied 10 elliptical-
hosted SNe (7 in clusters) at z >

∼
1 (and 6 other SNe) using 219 orbits. For comparison, the

GOODS searches in blank fields used over 750 orbits to find and study 3 elliptical hosted SNe
at z > 1 (along with 20 non-elliptical-hosted SNe at z > 1 and 3 more in ellipticals between
z = 0.9 and 1.06). A more detailed study is required to quantify and compare the SN rates in the
two analysis techniques. However, it is clear from the yield in the two programs that a search
targeting massive clusters significantly improves the efficiency of SN surveys with HST.



5 Conclusion

We have completed an HST program to observe SNe in high redshift galaxy clusters. As ex-
pected, the survey strategy resulted in a significant boost in the yield of high redshift SNe. We
are close to completion in the analysis of this data set and will soon have a new high redshift
Hubble diagram. If this new “dust-free” z > 1 Hubble diagram shows surprising dark energy
behavior it will not be dismissable as an artifact of dust-correction systematics. The elliptical-
only sample will also be large enough to be used together with the low redshift sample and the
large, well-measured SDSS-II, SNLS, and ESSENCE final samples of elliptical hosted SNe at
z <

∼
0.8, together yielding strong constraints on w vs. w′ — without extinction systematics.
The deep ACS images also enable key studies of the evolution of massive galaxies and

clusters, the measurement of cluster masses via weak lensing, and an entire program of clsuter
studies. The program provides the deep, high resolution data needed to reliably measure the
sizes and morphologies of galaxies in the densest environments known at z > 1, and obtain
precise measurements of the color and scatter in the red sequence to determine the epoch of
major star formation in these galaxies. The data from this program will provide both a cluster
dataset and a SN Ia dataset that will be a longstanding scientific resource.
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