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Supernova searches 

Nearby supernova – about 17 Mpc 



 

 

 

 

 

 

 

 

 

 

     	  

	  	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	   	   	   	   	  	  

Supernova searches 

Look-back time – about 1 billion years 



 

 

 

 

 

 

 

 

 

 

      

Early Universe supernova searches 



 

 

 

 

 

 

 

 

 

 

      

The most distant supernovae 



 

 

 

 

 

 

 

 

 

 

      

The most distant supernovae 



 

 

 

 

 

 

 

 

 

 

      

The most distant supernovae 

Look-back time – about 12 billion years 
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8 Brodie et al.

Fig. 7.— A three color (gri) Suprime-Cam image of NGC 4365, with its globular cluster (GC) candidates marked by small circles. This
image is a zoom-in at ∼ 18� × 17� (∼ 120× 110 kpc) of the original, which is three times the area. An HST/Advanced Camera for Surveys
image mosaic was also used to select GCs out to ∼ 4� from the galactic center. Blom et al. (2012a) determined that NGC 4365 has
6450±110 GCs and that its GC system extends beyond 9.5 galaxy effective radii.

ments.

3.0.1. Background

3.1. Imaging

High-quality imaging is an important first step for our
survey, required for selecting GC candidates for follow
up spectroscopy. However, it is also critical for deriving
robust GC surface density distributions (in 2D, including
both radial profiles and ellipticities). These spatial dis-
tributions are necessary for estimating the total numbers
of GCs (NGC) around each galaxy and are vital ingredi-
ents in models that use GCs as kinematic tracers.
The GC systems of massive ETGs typically extend

to projected radii greater than 100 kpc, and require
wide-field imaging covering tens of arcminutes on a side
in order to obtain reasonably complete spatial cover-
age. Therefore the early photographic surveys of nearby
galaxies (e.g., Harris & Racine 1979) remained the state
of the art for decades until modern CCD cameras reached
the requisite field sizes (e.g., Rhode & Zepf 2001; Dirsch
et al. 2003; Peng et al. 2004a).
Some of this work emphasized the use of three-band

(two-color) photometry in order to reduce the contami-

nation of the GC samples by foreground stars and back-
ground galaxies – a problem which can otherwise become
severe at large radii and for the less luminous galaxies.
This issue can be addressed even further by subarcsec-
ond image quality, which resolves out many of the back-
ground contaminants. Deep exposures are also impor-
tant to reach beyond the peak of the GC luminosity func-
tion and thereby to allow for proper GC number counts.
This critical combination of imaging attributes – wide-

field, deep, good seeing, multi-color – has never before
been carried out in a homogeneous survey of galaxies,
but is now an integral part of both NGVS and SLUGGS.
The main imaging source for SLUGGS is Suprime-Cam:
the best instrument in the world for producing spatially-
complete GC system catalogs, owing to the telescope’s
8m aperture, the large areal coverage (34� × 27�), and
the typically excellent seeing on Mauna Kea. Most of the
data are taken explicitly for our survey, although some
of the images are found in the SMOKA archive (Baba
et al. 2002). For a few of the galaxies, we make use
of archival data from CFHT/MegaCam (Boulade et al.
2003). In almost all cases these wide-field data are sup-
plemented with HST imaging of the galaxy centers (see

Globular cluster studies 
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classification parameters by noting, however, that early-type
galaxies typically are larger (i.e., larger I ), more concentrated
( larger G ), less multiple ( lower !), and have lower color dis-
persion (!) than their late-type counterparts, which are instead
dominated by emission from multiple scattered knots of star
formation. A more thorough overview of the relation between
local and high-redshift galaxies is given by LPM04.

4. OVERVIEW OF REST-UV SPECTRA

4.1. Spectral Processing

As part of an ongoing Keck LRIS-B spectroscopic survey
(Steidel et al. 2004) we have compiled UV spectra of our 216 tar-
get galaxies in the GOODS-N field and here explore how these

spectra correspond to the morphology of their host galaxies. Un-
fortunately, spectra of individual galaxies are rarely of sufficient
quality to accurately measure the strengths of their emission/
absorption components, and we therefore divide the spectra into
five bins according to each of our four morphological parameters
and measure the strengths of features in stacks of the spectra
within these bins. We find that five bins gives a suitably large
number of bins across which spectroscopic trends may be as-
sessed while still producing reasonable quality stacked spectra
(each comprised of 30 galaxies at z ! 2 and 13 galaxies at z ! 3).
Our spectroscopic combination method is similar to that de-

scribed by Shapley et al. (2003). Before stacking, individual sky-
subtracted spectra were flux-calibrated and shifted to the systemic
rest frame using the prescriptions given byAdelberger et al. (2005),

Fig. 10.—Same as Fig. 2, but for the HSTACS rest-UV morphologies of redshift z ! 2 galaxies classified according to Gini (G ) and multiplicity (!) parameters.
Horizontal and vertical bin ranges are chosen to divide the sample into quartiles. Increasing values of G correspond to increasing nucleation of source emission, and
increasing values of ! correspond to increasing number of components.
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Keck Cosmic Web Imager 

3.2 Optics 

Image De-rotator. The KCWI image de-rotator is a build-to-print copy of the Keck AO de-rotator. It is a classical K-
mirror de-rotator with a 2' field of view. The three mirrors will be coated with an advanced protected silver plus 
multilayer coating developed at UCO, which leads to at most a 10% loss in efficiency (Rm

3>0.9) while vastly simplifying 
the mechanical design, and essentially eliminating flexure and the associated compensation mechanisms and software.  

Guider. The KCWI guider will be based on the MAGIQ guider currently implemented on several instruments at 
WMKO[8],[9]. The guider will have a baseline 2' FOV. The details of the guider optical feed will be addressed in the 
preliminary design however a possible solution is to have an annular fold mirror surrounding the IFU slicer stack. The 
fold mirror is be angled such that the annular field is directed to the guider. The MAGIQ guider incorporates a low order 
wavefront sensing system that will also be used in KCWI for control of the telescope focus. 

IFU. KCWI uses a reflective image slicer rather than a fiber IFU. A slicer provides four important advantages: high 
throughput in the blue, avoids the packing inefficiency in the gaps between spectra and between fibers, no transmission 
variability due to flexure that would degrade sky subtraction accuracy, and an easily implemented selection of formats. 
A small disadvantage is defocus at the ends of the slices due to tilt, and this defocus is included in the total imaging error 
budget. KCWI will provide three image slicer formats, each with a different slice width, a fixed slice length and 24 
slices. The slicers are mounted on a linear slide and can be exchanged in less than a minute. (Note that this works in the 
optical where the detector pixels can be binned for the wider slice IFUs, and the read noise is low). The multiple slicers 
feed a fixed pupil mirror array, so that the resulting virtual slit is very similar in the three cases except for slit width. The 
FOV is then 20" x !", where !" = 24 #. A candidate selection is 0.35", 0.7", and 1.4" slice widths x 24 slices, giving 

fields of view of 20" x 8.4", 20" x 16.8", and 20" x 33.6". The CCD has 15 µm pixels which oversample all IFU formats, 
and provides ~4 pixels per 0.6" seeing disk in the spatial direction (binning is possible to reduce read noise). The CWI 
IFU, shown in Figure 5, is diamond turned out of aluminum and coated. For KCWI the requirements for surface quality 
and edge filling factor are tighter, particular for the finest slicer, and we will use a proven Zerodur glass slicer technique 
built by Winlight, Inc. in Marseille, France. A simple bright source occulting spot can be placed just in front of the slicer 
when desired for high dynamic range observations, using a slide or pivot mechanism. 

 

Figure 5: CWI IFU (left) and image slicer (right), all aluminum, diamond turned mirrors. The KCWI slicer will be polished Zerodur. 
 

Collimator. The KCWI collimator is spherical, has moderate figure requirements, and is mounted on a translation stage 
to provide internal slicer to detector focus adjustment. 

VPH gratings for high transmission. KCWI will use VPH gratings as adopted by CWI, which provide very high 
efficiency when operated near the Bragg condition. The grating and camera/CCD dewar assembly are each mounted on a 
rotating articulation unit that provides an arbitrary incidence angle to the grating ($) and exit angle to the 

camera/detector (%). These angles are typically similar, and relatively low for low dispersion gratings, but can be as high 
as 60° for a high dispersion grating. The grating curves and articulation arrangement are illustrated in Figure 6 for the 
CWI grating. The angles can be changed in a matter of a minute to adjust the instantaneous bandpass over the 
“available” bandpass. The available bandpass for a given grating is determine by the range of simultaneously high s- and 
p-polarization efficiencies. Gratings will be changed either manually, or with a "jukebox" mechanism. The latter will be 
studied and costed during the preliminary design.  
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Size of gas clouds in the early Universe 



Australian UV-Sensitive Synoptic Imaging Explorer 
a.k.a.  SwinCam 
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•   Secondary supports up to 2 tons 
•   2m x 3m cylindrical space 
•   Secondary carriages roll in and out 
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That’s some of the great stuff going on at Swinburne 
 
 
 
 
 

THE END 


