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70 high-z SN Ia
Astier et al. (2006)

44 low-z SN Ia
Hamuy et al. (1996),
Riess et al. (1999),
Jha et al. (2006), ...
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pure acceleration: q(z)=-0.5

~ pure deceleration: q(z)=0.5

Evolution ~ zBinned Gold data

gold sample: 184 SN Ia
Riess et al. (2006)

always the 
same low-z 
SN Ia sample!

SDSS SN

• main goal of the SDSS SN survey:   
fill in the SN Ia Hubble diagram at 
intermediate redshift, 0.1 ≲ z ≲ 0.3
• connect low-z with high-z
• confirm concordance cosmology 

(or find some surprises!)

• challenges
• peak magnitudes m ≃ 20-22
• need to search hundreds of deg2

➔ SDSS 2.5m telescope + imager

http://sdssdp47.fnal.gov/sdsssn/sdsssn.html

SN Ia Hubble Diagram
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Page 1 of 17http://sdssdp47.fnal.gov/sdsssn_data/candidates/examineCand.php?cid=13135

Return To Candidates
Finding Chart
CAS Explore
NED Search

Details for Candidate SN13135

Initial RA (deg) 4.172303

Initial Dec (deg) -0.424537

Averaged RA (deg) 4.172286

Averaged Dec (deg) -0.424540

Averaged RA (hh:mm:ss) 0:16:41.35

Averaged Dec (dd:mm:ss) -0:25:28.3

Redshift 0.1050

IUAC Name 2006fz

Observability 0.000

Time weight 0.000

Crowding weight -1.000

Dust weight -1.000

Entry date/time 2006-09-16 18:00:38

Fits

Fit type   Best  Criterion A Criterion B

z fit Ia Ia Ia

z constrained Ia Ia Ia

SN type Chisq
Days

Past Peak
dm_15* z Av Pk g Mag Pk r Mag g mag r mag

Ia (noz) 8.21 78.46 1.30 0.1000 0.0794 19.315 19.365 99.999 99.999

Ibc (noz) 104.93 78.46 0.60 0.0631 0.0100 19.606 19.228 99.999 99.999

II (noz) 81.32 80.46 0.80 0.1259 0.3162 19.474 19.531 22.999 22.466

Ia (z) 8.32 78.46 1.20 0.1050 0.0794 19.321 19.378 99.999 99.999

Ibc (z) 260.96 75.46 0.70 0.1050 0.7943 19.701 18.981 22.060 20.999

II (z) 85.82 79.66 0.80 0.1050 0.6310 19.503 19.442 22.971 22.345

*Explanation of dm15 codes for SNIbc and SNII
type II: 0.6->Nugent's II-L; 0.7->Nugent's II-P; 0.8->Nugent's IIn; 0.9->SN1999em (II-P); 1.0->SN1998S (IIn); 1.1->SN1993J (IIb) 
type Ibc: 0.6->Nugent's normal Ibc; 0.7->Nugent's Ibc hypernova; 0.8->SN2002ap (another Ic hypernova); 0.9->1999ex (normal Ic) 

Objects

Clicking on the links in the ID# column will give you access to the r-band fits format finding charts. You may be able to get your
browser to display the files with ds9. But Your browser may try to display the fits file as text unless you right click on the link and save
the file to a local disk.

ID # Rank Scanner Ra Dec G Mag R Mag I Mag
Obs
Date

Obs
MJD

SRun SField rr cc TRun TField Flags

948577 -1 (none) 4.172250
-

0.424517
21.518 21.480 21.395 06/09/12 53990.32 6330 30 10 3 826002 367    
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6425 r 1059649

6425 i 1059649

6430 g 1071964

6430 r 1071964

6430 i 1071964

6433 g 1084034
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6441 g 1093097

6441 r 1093097

search template diff

g
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APO 3.5m DIS spectrum
SN 2006fz

SN Ia   z = 0.105

Bassett et al. (2007), CBET 627

continual web page updates
follow-up is encouraged!

J. Marriner, Fermilab

M. Sako, U. Pennsylvania



SN Spectroscopy

MDM 2.4m
NOT 2.6m 
APO 3.5m
NTT 3.6m
KPNO 4m
WHT 4.2m
Subaru 8.2m
HET 9.2m
Keck 10m
SALT 10m

C. Zheng, KIPAC/Stanford



B. Dilday, U. Chicago



B. Dilday, U. Chicago



• 313 spectroscopically confirmed 
SN Ia in two years (2005/2006)

• Analysis of 129 SN Ia from the 
2005 season nearly complete:
• scene-modeling photometry
• photometric calibration
• rates, spectra, systematics
• light-curve fitting & distances
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MLCS2k2 light-curve fits
SN 2005ij   z = 0.124 SN 2005ji   z = 0.214 SN 2005fs   z = 0.344

Jha, Riess, & Kirshner 
(2006, submitted)
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A Hubble Bubble?

a 6% difference in the 
expansion rate at a radius 
of 300 million light years

statistical signifcance is 3σ,
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?

urgent need to augment the low-z sample 
➔ SDSS could help!

A Hubble Bubble?



“Peculiar” SN Ia:  SN 2005hk

with SDSS-II,
A. Filippenko, R. Chornock, R. Foley, W. Li (UC Berkeley),

D. Branch (U. Oklahoma), and M. Phillips (LCO)



“Peculiar” SN Ia:  SN 2005hk

with SDSS-II,
A. Filippenko, R. Chornock, R. Foley, W. Li (UC Berkeley),

D. Branch (U. Oklahoma), and M. Phillips (LCO)



“Peculiar” SN Ia:  SN 2005hk
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Fig. 7.— Comparison of observed ugri light curves of SN 2005hk obtained by the CSP
and SDSS II. In the top panels for each filter, the square symbols correspond to the CSP
measurements and the crosses to SDSS II. The solid line represents a fit to the CSP data. In

the lower panels, the difference between the SDSS II magnitudes and the smooth fit to the
CSP data is shown. These differences compare well with the S corrections (indicated by the

solid circles joined by dashed lines) calculated via synthetic photometry from the respective
response functions of the CSP and SDSS II passbands.

“Peculiar” SN Ia:  SN 2005hk
– 56 –

-20

-19

-18

-17

B

2005hk

-20

-19

-18

-17

V

-20

-19

-18

-17

M
m
a
x I

-20

-19

-18

-17

J

0.8 1 1.2 1.4 1.6 1.8 2
!m

15
(B)

-20

-19

-18

-17

H

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.

Phillips et al. (2006)

slow late-time decline

0.014 mag day -1

SDSS late-time light curve

J. Holtzman, NMSU



SN 2005hk: very similar to SN 2002cx– 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. (2006)
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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.
very low velocities (½ normal at max)

subluminous for its decline rate
slow late-time decline 

... and they don’t become nebular!



SN 2002cx Late-Time Spectra

Li et al. (2003); Branch et al. (2004); Jha et al. (2006)
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v ≃ 500 km s-1!



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?
• peculiar objects may be the key to 

understanding normal SN Ia!Jha et al. (2006)


