Next Generation IR Standard Stars
Perfect Black Body Stars in the Sky

e Report on Intensive Program 2005-6 by Doi et al.
a) Morokuma et al. 2010 (PASJ, 62, 19)
b) Suzuki et al. 2012 (ApJ, 746, 85)

e Re-Calibration of SDF/SXDF Zeropoints
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SN Factory, Palomar Transient Factory (PTF),
SuperNovalegacySurvery (SNLS),
Suprnova Cosmology Project (SCP)
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| « UNION2 Compilation : 557 SNe
~ @ HST Cluster SN Survey |
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HST Cluster Supernova Survey

1.Keck AO Photometry of z=1.3 SNIa (Melbourne et al. 2007)

2. IRAC Shallow Survey (Eisenhardt et al. 2008)

3. Color Magnitude at z=1 Cluster (Santos et al. 2009)

4. XMMXCS J2215.9-1738 at z-1.457 (Hilton et al. 2007)

5. Unusual Transient, SCP05-F006 (Barbary et al. 2009)

6. Multiply Imaged Lensed System (Huang et al. 2009)

7. X-ray from IRAC z=1.4 Cluster (Brodwin et al. 2011)

S e LEnSIng Sucies b ocaing Relation.Clce 1.3 200U e




HST Cluster SN Survey
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Unusual Transient SCP06-F6

Barbary et al. 2009 z=1.2 Superlumious Superova by Quimby
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A 7z=3.9 Galaxy Lensed Twice

Xiaosheng Huang et al. 2011
Spectroscopic Follow-up

WARPS J1415.1+3612 : z=1.026
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THE HUBBLE SPACE TELESCOPE CLUSTER SUPERNOVA SURVEY. V. IMPROVING THE DARK-ENERGY
CONSTRAINTS ABOVE z = | AND BUILDING AN EARLY-TYPE-HOSTED SUPERNOVA SAMPLE"*

N. Suzuxt'?, D. Rusin'?, C. Lipman’. G. ALperinG', R. AManvrian®®, K. Barsary' . L. F. Barrientos', J. BoTyANszKI,
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ABSTRACT

We present Advanced Camera for Surveys, NICMOS, and Keck adaptive-optics-assisted photometry of 20 Type la
supernovae (SNe la) from the Hubble Space Telescope (HST) Cluster Supernova Survey. The SNe la were discovered
over the redshift interval < 7 < 1.415. Of these SNe Ia, 14 pass our strict selection cuts and are used in
combination with the world’s sample of SNe Ia to derive the best current constraints on dark energy. Of our new
SNe la. 10 are beyond redshift z = |, thereby nearly doubling the statistical weight of HST-discovered SNe la
beyond this redshift. Our detailed analysis corrects for the recently identified correlation between SN la luminosity
and host galaxy mass and corrects the NICMOS zero point at the count rates »ppr\-pn.m for very distant SNe [.1
g these SNe improves the best combined constraint on d..rk -energy density Z), at redshifts

ncluding systematic errors). For a flat ACDM universe, we find 2, = 0.729£0.014 (6 ‘onfidence Iuy.l

(CL) including systematic errors). For a flat wCDM model. we measure a constant dark-energy eqguation-of-state

parameter w = —1 013555 » CL.). Curvature is constrained to ~0.7% in the owCDM model and to ~2% in a




ACS Image
Reduction v125



Combination of SNe with:

LCDM:
On=0.271 £0.012(stat) = 0.014(sys)

oLCDM:
Q= 0.002+ 0.005(stat) = 0.005(sys)




Science

ACCELERATING >-
UNIVERSE
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Accelerating Universe

Expansion History of the Universe

Perdmutter, Physics Today (2003)
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w=P/p : equation of state
Q.Isw-17?

PP——

wCDM:
w = -1.008 £ 0.052(stat)
—1.013 £ 0.070(sys)

.. and allowing for curvature: owCDM
w = —1.006 + 0.058(stat)

—1.003 £ 0.093(sys)
with systematics

ew=-1 : cosmological constant
ew=( : matter
ew=1/3: radiation

E a—3(1—|-w)



Systematic Error Limits
the Precision Cosmology Today
Stat Err ~ 5%, Systematic Err ~ 5%

SNla w/o Sys Err

Suzuki et al 2012 (Supernova Cosmology Project)
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Re-Calibration of SDF/SXDS Photometric Catalogs
of Suprime-Cam with SDSS Data Release 8

Masafumi YAGI,! Nao SUZUKI,? Hitomi YAMANOL,' Hisanori FURUSAWA,®> Fumiaki NAKATA.* and Yutaka ]
L Optical and Infrared Astronomy Division, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyc
yagi.masafumi@nao.ac.jp
2 E.O. Lawrence Berkeley National Lab, 1 Cyclotron Rd., Berkeley, CA 94720, USA
3 Astronomy Data Center, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-85.
4 Subaru Telescope, 650 North A’ohoku Place, Hilo, Hawaii 96720, USA
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n(z)=D,x(1+z) (Gpe)

Cosmology 1n 10 years
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SNla: UNION2.1 (2012, 580 SNe)
BAO : SDSS—LRG (2010)

BAO : WiggleZ (2011)
BAO : BOSS (2014) /
, i e BAO : eBOSS (2020)
SNIa: SNLS+SDSS+DES(2018)
BAO : HETDEX (2016) i
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BAO : MS—DESI (2023)
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None of standard stars from SNF
will be used for HSC and others

® They are too bright (HSC/LSST saturates at 17-18th mag)

® No accurate IR coverage

THE ASTRONOMICAL JOURNAL, 116:2475-2488, 1998 November

195K The Amencan Astronomical Society. All nights reserved. Printed i USA

A NEW SYSTEM OF FAINT NEAR-INFRARED STANDARD STARS

S. E. Persson,' D. C. Murpry,' W. Krzemmnsk,'! M. Rots,' Axp M. J. RiExe?
Received 1998 June 3 ; revised 1998 July 28

ABSTRACT

A new grid of 65 faint near-infrared standard stars is presented. They are spread around the sky, lie
between 10th and 12th magnitude at K, and are measured in most cases to precisions better than 0.001
mag in the J, H, K, and K, bands; the latter is a medium-band modified K. A secondary list of red stars
suitable for determining color transformations between photometric systems is also presented.

Key words: infrared radiation — stars: general — techniques: photometric

TABLE 2
INFRARED STANDARD STARS

R.A. Decl
No. HST (J2000.0) (J2000.0) N H

P525-E 0024 283 07 49 02 16
S294.D 0033 152 39 24 10 ! 15
S754-.C 0103 158 04 20 44 ) 17
P530-D 02 33 32.1 06 25 38 8
S301-D 03 26 539 39 50 38 11
P247-U 0332030 37 20 40 16
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Only 37% from

Mostly Astro Community Astro Community

Ouchi et al 2004 Suzuki et al 2012 (SCP)
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Precision Cosmology Requirements

® Precise Estimate of Errors
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The Origins of Systematic Errors Today

® | : Zero Point 1s not accurate enough

e [I : Standard Star Calibration (HST
CALSPEC)is not accurate enough

BD28 4211: HIRES Echelle Order #76 and Hell(4685A) Line




BD17 : SDSS mag Definition
SDSS vs HST

CALSPEC, STScl
Fukugita et al 1996
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G 191-B2B
GD 153
GD 71

Flux (STIS)/Flux (This Work)

Wovelength (A)

Figure 8. Ratio between the CALSPEC fluxes and those cal-
culated here using redetermined atmospheric parameters for the
HST primary standards. The zero point of the flux scale of the
CALSPEC fluxes is given by Landolt V-band photometry, while
here it is set by SDSS PT wugr photometry (but see text for an
exception for GD 153). The two scales are inconsistent by 1.5 %

for GD 71.

Allende Prieto, Carlos et al. 2009




CALSPEC 2010: Model vs. STIS obs.

CALSPEC STIS 2010 : stisnic003
CALSPEC Model 2010 : mod0O0O7
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CALSPEC Model 2010/ STIS 2010
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CALSPEC 2003-10: Model vs. STIS obs.

CALSPEC STIS 2010 : stisnic003

CALSPEC STIS 2003 : stis001
CALSPEC Model 2003 : mod003
CALSPEC Model 2010 : mod007
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CALSPEC : STIS 2003 / STIS 2010
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CALSPEC Model 2003 / STIS 2010

CALSPEC Model 2003/ STIS 2010
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CALSPEC Model 2003 / Model 2010

CALSPEC Model 2003/ Model 2010
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Model Uncertanities

V. B-V T.x log g spectral

K] type

G191-B2B | 11.781 —0.33 61103 (241)° 7.492 (0.012)° _ DAO
60929 (993)"  7.55 (0.05)"

GD 153 | 13.346 —0.20 38686 (152)° 7.662 (0.024)®  DA1

40320 (
6D 71 | 13.032 —025 32747 (92)
33590 (483

@ 7.683 (0.023)* DAl
b 7.93 (0.05)°

)
626)”  7.93 (0.05)"
)

a

(Finley et al., 1997)

* (Gianninas et al., 2011)

Nicolas Regnault
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Figure 2.1.: Comparison between the Tiibingen model (TMAW) and the Bergeron model
for star GD 71. Both models were computed for pure hydrogen atmosphere,
with 7. = 33590K and log g = 7.93. Upper panel: model spectra (shifted,
to distinguish them). Lower panel: ratio.

Nicolas Regnault




Trust No One

® | don’t Trust CALSPEC!
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Discovery of Perfect Black Body Spectra:
found as a Quasar Target
Only 20 stars out of a mllhon stars

® DRR : 605,772 stars => 5 stars
e DRY9:110,929 stars=> 9 stars
e DRIO: 81,892 stars=> 10 stars




Plate 1456 MJD 53115 Fiber 480 : 2004-04 DR8 Plate 1456 MJD 53115 Fiber 480 : 2004-04-2
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Looking at the Future with JWST
today 0.3%, but we can do 0.1%

DR8 Plate 380 MJD 51792 Fiber 104 : 2000-09-05
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Magnitude Errors are Correlated
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Near Future plan:
® Dec 2013 : 8m-Subaru Time (approved)

o We will observe these stars with Subaru (MOIRCS)
in K-band (2.2 micron)

e UHSS (approved) will have S/N=100 data
® Aim to Publish Discovery Paper in 2014
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What I will do:
with M. Fukugita, Tim Beers and SDSS collaboration

e Step I : Replace BD17 by perfect black
body spectra

e Step II : Re-establish SDSS mag in AB
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New Observations
Collaborators

e UHSS8 Fall 2013 (Postponed) : 1 night
e Subaru MOIRCS (H-, K-band) 1n Dec 2013
e HST/WFC3 Cycle 22 Proposal
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[et’s think outside the Box

“In 2020, which standard stars do we use?”

e JWST is coming 1n 5 years

® Imagine HyperSuprimeCam + JWST SNIa
Survey at z =2.0 & Discovering PoplIl
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Backup Shdes




HST Cluster Supernova Survey

I. Survey Overview (Dawson et al. 2009)
II. SNIa Cluster Rates (Barbary et al. 2012)
III. SNIa Host Galaxy Studies (Meyers et al. 2012)
IV. NICMOS Non-Linearity (Ripoche et al. 2012)
- V. SNIa Photometry & Cosmology (Suzuki et al. 2012)
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Joshua Meyers et al. 2012

RDCSJ1252.9-2927 z=1.24
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Oll Line Detection
by Subaru, VLT, Keck
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SNst Galaxy Studies

rs et al. 2012

Subaru FOCAS
Morokuma et al
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AB Magnitude Definition




AB Mag != SDSS Mag

[ ARfrd\
[ 5dA

AR frd\
J 7 RZ\)\ 2.407948 + 0.036
A

ABmag(u) = —2.5log10 2.407948 — 0.042

ABmag(g) = —2.5log1g
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