Investigating the possibility of constructing a model-free SDSS ||

SN la training set

Penn J. Mosher1, M. Sako', J. Holtzman?, J. A. Frieman3, R. Kessler4, P. Garnavich®, S.W. Jha® ,
B. Dilday® , SDSS-II Collaboration

[University of Pennsylvania; °New Mexico State University, 3 Fermi National Accelerator Laboratory, *The University of Chicago;
SUniversity of Notre Dame; °Rutgers University.

INTRODUCTION PRELIMINARY HOST GALAXY EXTINCTION

For type Ia supernovae to continue to play a key role in the quest to rest frame and be able to estimate host galaxy extinction coefficients for E ST I M AT E S
improve our understanding of dark energy, systematic uncertainties must be each.
understood and reduced. Some of the most important systematic uncertainties We would prefer to be able to make these corrections with minimal use of
include k-correction uncertainties, host galaxy extinction uncertainties and models. Peak g-r data was fit to extract intrinsic color
photometric calibration uncertainties. In evaluating the training set suitability Because all SDSS II SNe were imaged with a single well-calibrated and extinction information:
of the 84 SDSS II Supernova Survey [a’s with z < 0.15 and passing basic telescope, the photometric systematic uncertainties are minimal.
cosmology cuts, we touch upon each of. tl.lese i1ssues. In this Work we evaluate rfast frame lig}.lt. curves created frorn two different k- 1. Simple parabola fit used to get g-r(t=0) and width- 1 : o exaciion T,
To use these SNe as a traditional training set we need to k-correct them to cor.rect'lon Fnethods3 and discuss our ability to extract reliable host galaxy luminosity parameter information for each supernova. =~ o8} T some ﬁé‘&?ﬁ%’.‘n'é'?ﬂ% .
extinction information from our data set. 2. After cutting SNe with high likelihood of being =~ 06|
intrinsically red, use remaining g-r(t=0) information f 04l
D I F F E R E N T K_C O R R ECT I O N to estimate host extinction for each SN. %’ |
S 02f |
o) 1.
METHODS. DIFFERENT RESULTS Possible sources of difference between CCM and spline k- - Distribution of g-r. t=0 £ of A
’ correction methods include: coun pern | g 02 |
* accuracy of input u-band photometry. Observed photometry is noisy; this is s | 0.4 \ 1 :
SED Templates:|, | Photometry: .| Color Adjustment: especially true for the u band, and is a major drawback to our approach. It may VLT 0008 0 00 001 00 00
Hsiao observed CCM vs. spline be necessary to use fits and/or templates in the u band in order to distinguish “ L ( curvature of o - batwaen t = 0 and 15)
between noise and color differences. | | |
Two different color adjustment techniques were implemented: * spline difficulties. One major advantage of the CCM color adjustment method . .
is that it 1s always smooth and local. Spline color adjustments are sensitive to s f Peak time data is fit with parabola of form g-r=a +
o : : . | 5 . : )
1. Extinction law, e.g. the use of CCM by Nugent et al. (2002) , which edge effects, and 1f significant color adjustment is necessary, can distort the I ol tbht t. .Intnnswally dim S(i\lle he'l:;ft'g r collcl>r c1.1rvetsh
matches the template to a single color, redward of the band of interest. shape of the template. | | 1] — | acasared - t ab 1ncreascz r:ilcge Talt)}ll y “:1 lmei’z}ll'l(l)'wmgt lem
2. Spline interpolation ( e.g. Hsiao et al. 2007 ), which matches the * shape of the temp lc.zte e blye portion of the P ectrum. It th.e template docs , ” o ) v v _ 0 O SChatdica Trom H1E Ies, as per #alips ¢t a
template to at least two colors, redward and blueward of the band of not reﬂ.ect the. SGCEEL AN S parFlcular spectral region, for a particular epoch, k- A histogram of peak g-r colors has been overlaid 1999. All but one SN with b >0.004 also has
interest. corrections will be systematically affected. with the best fit probability predictions (including SNAN.A 11.1rn1nos1ty parameter A > 0.5. .(the |
Purpose: only data from the 63 SNe with enough data exception is 8151, a known spectroscopic peculiar)
o . . . ) The SN we expect to be less extincted, due to their
Avoid models or fits, but use the fact that ugriz magnitudes were acquired between rest frame epochs -5 and 15 to be fit, and P . .
nearly simultaneously so that interpolation to get mags for color passing a color cut ). The fit is adequate for g-r < host galaxy type or their separation from the
adiustments is unnecessary R E ST F R AM E L I G HT C U RV ES 0.15, but diverges by more than 2 o for the galactic center, are intrinsically dim or within two
. reddest objects. o of the mean (g-1)o.
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20 -10 0 10 20 30 40 50 60 m. 20| o3 M. ° A comparison of peak g-r host extinction estimates Results:
. . ; . _ : L
rect frame spoch e art & SRR e | with SDSS II light curve fitter host galaxy A,. By 1. Wg were able to obtain hosﬁ galaxy extinction
22| # _ b 16 BTN, excluding supernovae with b > 0.004 all SNe with estimates for 63 of the 84 light curves being
CCM and spline techniques are consistent in the r and 1 al : | 15 | A > 0.5 have been excluded. In general, our host studied. . _ .
bands, but different at late times in the g band. Differences 20 10 O 10 20 30 40 50 60 70 20 10 ©0 10 20 30 40 50 60 70 galaxy extinction estimates are hlgher than the 2. Thepeak Av .teChnlque (.ilsp.lay'ed hel'e. reqUIrf:S
imply spline g light curve will be ~ 0.1 magnitude dimmer SNANA estimates. guulng SNe likely to be intrinsically dim. This
than a CCM g light curve for rest frame epochs between 30 , , o L o 1s not ideal.
and 50 days. 7 20 3. It seems likely that our extinction estimates are
' 19 too large (see host galaxy corrected light curve
" 18 above) . Tweaking of method is possible, but
= M; using late time data would be preferable
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Akgg 0 22 é_ é Rest frame epoch Rest frame epoch
T E TENE . : : .. : : This work describes preliminary steps taken to evaluate low redshift SDSS II SN Ia data for use as a light curve fitter
! T To mitigate noise while retaining some late time data, light curves have .. : : . ;
0.5 — : : : training set. Without the use of models, we were able to k-correct and derive host galaxy extinction estimates for 64
- e been calculated using a photometry subset for which observed g, r, and 1 of our SubErnovac
Ak or i magnitudes are either less than 21.5 or have magnitude errors less than or p ' : : : Yy :
05 _ equal t0 0.2 . No restrictions have been placed on u band maenitudes Our study shows that k-correction color adjustment methods, spline and CCM, give different results in g band: k
0.75 —+H I —HH I - I H-H I - I = I - I - N?W G ext.inc.:tion corrections were ma d;)wi th SFD dust ma sgnthe C (iM corrections need more study. Steps should be taken to determine whether the observed discrepancy is real, or an
- i 2T L. : : . PS, artifact of our choice of observed photometry or spline technique. If the discrepancy 1s likely to be real, then it will be
0 - L A, — extinction law, and color-adjusted Hsiao templates. Distance modulus was ) : ) C . . : )
AK;; : 2 , . necessary to determine which method 1s correct: this will involve compiling a reasonably large set of high-quality Ia
; , | i calculated with ACDM cosmology. No host galaxy corrections have been : :
-0.75 |- | l | L | —| . : : : . late-time spectra with observed frame coverage of 3000 — 7000 Angstroms.
e e applied. Light curves with CCM (red) and spline (blue) k-corrections are : : ; ) . : :
20  -10 0 10 20 30 40 50 60 both shown. Observed light curves (black) are shown for reference Our color analysis of g-r near peak 1s consistent with others’ observations that g-r at this epoch depends on

intrinsic color as well as extinction. Using the secondary fit parameter b to remove intrinsically red object allowed us
to make host galaxy extinction estimates for a subset of our SNe, However, it seems that these estimates are still
— biased to the red for the intrinsically dimmer SNe that remained. A quantitative evaluation of the quality of these

rest frame epoch

Applying a signal to noise cut of SNR = 10 results in

disappearance of most of the late time u band data necessary 2| F I estimates , via residuals of a Hubble diagram, and some tinkering with fit forms and epochs, should be carried out

for the spline color adjustment. o L} ‘e o before making a final determination of the suitability of this method. The results of our k-correction examination will
Or ) have some bearing here: if CCM proves to be adequate, we will have more late-time g-r data to work with and it may
_1 - ~ . . . . . . . .

 No SN cuts o ; % ; y ; % % d be possible to directly compare peak time and late time (Lira type) extinction estimates.
Ak . o SNR =10 ' -
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Large k-correction d1ffe‘rences occur when u-g 1s smaller Color curves for MWG extinction corrected rest frame photometry. Lira, P. 1995, M.S. thesis, Univ. Chile

than ~.O.5.mags and g-r is rc.adder. thap ~0.75 mags, a _ CCM (red) and spline (blue) r-1 curves are almost identical whereas Nugent, P., Kim, A., & Perlmutter, S. 2002, PASP, 114, 803

combination of colors that is quite different from the Hsiao the spline g-r and g-1 curves are redder at late times than their CCM

template at late times. counterparts.




