Perfect Blackbody Stars as
Primary Flux Standards

Nao Suzuki (Lawrence Berkeley National Lab / LPNHE)

+ Vega Spectrum & CALSPEC problems

+ Discovery of Blackbody Stars (Suzuki & Fukugita 2018)
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HSC SNIa Cosmology for Dark Energy

Subaru HSC Discovery Hubble Space Telescope HSC SNIa Light Curve: z=1.34
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Vega Mag System




1: Why Vega Spectrum?
Only Star tied to Absolute Physical Units

Vega (Alpha-1.ya) Spectrim

HST/NICMOS Vega Before 2007 : alpha_lyr_005 fits
: SALT2 Default : alpha_lyr_stis_002 fits
Latest (Apr 08) : alpha_lyr_stis_003 fits
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Definition
of Vega Mag

AQ Stars which
Satisties:
U-B=0
B-V=0
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SPECTRAL TYPE ON THE REVISED SYSTEM
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ABSTRACT

A system of photoelectric photometry is outlined which utilizes the revised zero point of the visual
magnitude scale of the North Polar Sequence and which returns to the original definition for the zero
point of color indices in terms of main-sequence stars of class AQ; the interval AO-gKO is 1 mag. The
revised Yerkes Atlas system (MK) of spectral classification is taken as standard. The latter is described
briefly, and a list of standard stars is included.

Magnitudes and color indices from measures in three wave-length bands are given for stars selected
by spectral type and luminosity class to be representative of the principal regions of the H-R diagram.
A few white dwarfs are also included.

A standard main sequence is defined for the new color-absolute magnitude diagram by the use of
stars of large parallax, together with the galactic clusters NGC 2362, the Pleiades, the Ursa Major
nucleus, and Praesepe. A standard main sequence is also defined for the relationship between the two
systems of color index.

A purely photometric method for determining spectral types and space reddening for B stars in
galactic clusters is described.

TERMINOLOGY

y. Deflection through vellow filter, corrected for sky.

b. Deflection through blue filter, corrected for sky.

u. Deflection through ultravxolet filer, corrected for sky.

Cy. Observed blue-yellow color index, reduced to outside the earth’s atmosphere.
Cu. Observed ultraviolet-blue color index, reduced to outside the earth’s atmosphere.

V. Observed magnitude through yellow filter, reduced to outside the earth’s atmosphere.
This is approximately equivalent to the photovisual magnitude on the International
System.

B. Observed magnitude through blue filter, reduced to outside the earth’s atmosphere
and including a zero-point correction to satisfy the condition

B—-V=0

for main-sequence stars of class A0 on the MK system.
. Observed magnitude through ultraviolet filter, reduced to outside the earth’s at-
mosphere and including a zero-point correction to satisfy the condition

U—B=0

for main-sequence stars of class A0 on the MK system.




TABLE 2—Continued

Class III—Continued Class IV Class V—Continued
B9.51I1 8 Cyg B2 1V v Peg B3 V 6300
A0 IIT a Dra B2 1V 6 Cet B3 V 35 Ari
A3 11T B Eri BS IV 7 Her B3 V n Aur
A3 TII 6 Gem B7 1V 16 Tau B3 V v Ori
A5 III B8 Tri A0 1V v Gem B3 V n Hya
A5 III a Oph FO IV u Cet B3 V n UMa
A7 1II 6 Tau FO 1V e Cep B3 V 178849
A7 11X ~+ Boo F2 1V B Cas B3 V 191263
A9 1III v Her F2 IV v UMa B3 V 16 Peg
FO 1III ¢ Leo F6 1V a Tri B3 V 218537

2 111 14 Ari F6 IV 40 Leo B5 V 4142
IF‘} T 16 Per ¥6 IV 6 UMa B5 V » And
12k 26 Par F7 1V o Peg BS V 14372

Vega Mag

Average of 6 AOV Stars

followed a procedure similar to the latter; the zero point of the present color systems has
been set by the mean values for six stars of class AD V on the MK system; the stars are:
a Lyr, v UMa, 109 Vir, a CrB, v Oph, and HR 3314. For the mean of these stars

KO III | &Tau
KO0 TII ) e Tau
KO0 III 0 Tau
KO0 II1 & Aur
K0 1II1 8 Gem
KO III a UMa
KO0 III 7 CrB
KO0 TIII k Cyg
K0 III e Cyg
K2 1III a Ari
K2 1III ¢t Dra
K2 1II x Oph
K2 1II 8 Oph
K2 1II1 £ Dra
K3 1II 6 And
K3 III 51 And
K3 1II p Boo
A TIT R Cne
196 L BN N N R
197 170153
198 172167
199% 173648
200% 173649
M2 III || 83 UMa

wlass v

09 V 46202
09 V 52266
Q9 V 57682
09 V 14 Cep
09 V 10 Lac
Q9.5V 34078
Q9.5V o Ori
09.5V ¢ Oph
BO V v Ori
BO V é Sco
BO V T Sco
BO V 206183
BO V 207538
BO.5V 8965
BO.5V 40 Per
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Vega=a Lyr Magnitude
U=0.02 B=0.03 V=0.03

Table3: V B-V U-B

1 12 13.98 +0.02 -0.59 P
3 8 3.58 +0.50 -0.07 F7 V

8 6 0.03 0.00 ~0.01 AV

2 9 4.37 +0.18 +0.17 Am

2 9 5.74 +0.28 +0.06 FO IV




Vega Mag:

Magnitude : Ratio 1n log
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Why Vega dSpectrum?
Vega 1s the only star measured with physical units
IAU Definition (1985) 1s an average of 5 measurements
Note the definition 1s associated with 5% error

STELLAR ABSOLUTE FLUXES AND ENERGY DISTRIBUTIONS FROM 0.32 to 4.0 um

D. S. Hayes

Kitt Peak National Observatory
National Optical Astronomy Observatories?

TABLE I

HEIGHTS AND FLUXES FOR CALIBRATION OF VEGA

Heights
3300~ 7000~ 9040~
Calibration 7500 <9040 103500

HAYES AND LATHAM (1973)
TUG, ET AL. (1977)

TEREZ AND TEREZ (1979)
KHARITONOV, ET AlL. (1980)
TEREZ (1982)

ARKHAROV AND TEREZ (1982)

wepwe
33838

Mean

}

Hayes 1985 (IAU) : 3.44 +0.05 x 109 @ 5556A




CALSPEC &
- DA White Dwarfs




Vega Spectrum: Do you see the problem?

Vega : alpha Lyr

CALSPEC 2019-09-06, STScl
Fukugita et al 1996 : Oke & Gunn 1983 .
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CALSPEC Vega 1s stitched at 4200A
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Fic. 5.—Absolute flux distribution of Vega as measured by STIS below
4200 A and as determined by the Kurucz (2003) R = 500 model at the longer
wavelengths. Below 3000 A the spectrum is dominated by metal-line blan-




BD17 Spectrum: Vega Error Propagates

BD17+4708

I

CALSPEC 2015-01-05. STScl
Fukugita et al 1996 : Oke & Gunn 1983
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BD28 Spectrum: Vega Error Propagates

BD28 4211

| 1

Flux Calibrated HIRES
HST STIS ——

Independently calibrated spectra
shows the same trend
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BD17 1s a variable

e AstroNonicar Joursar, 49122 (opp), 2005 Aprl don L TORR/ 00040256/ 1494122

20105, Thwe Amencan Aconomeal Soacs, All nghs eserved

THE CALSPEC STARS P177D AND P330E

Rarett C. Bourin' anp Arvo U. LanpoLt™
: Space Telescope Science Institute. 3700 San Martin Drve, Baltimore, MD 21218, LSA; behlin@estseredu
“ Department of Physics and Astronomy Lousiana State University Baten Rouge, Lousiana 7O303, UsA: Lindolt@ phys Isu edu
Recewved 2013 J'd’l’:'(.'.".\ 3. 4In‘n'n""l:‘-1' 2008 ;"'c‘ll'ﬂ"u.'l')' 5.‘ "'J.‘n').'."'-'leu'l' 20085 March 9

ABSTRACT
Multicolor photometric data are presented for the CALSPEC stars P177D and P330E. Together with previously
published photometry for nine other CALSPEC standards, the photometric observations and synthetic photometry
from Hubble Space Telescope/STIS spectrophotometry agree in the B, V) K, and [ bands to better than ~1%
(10 mmag ). Photometry over the 1986 t0199] period indicates that BD+17"4708 brightened by ~ 0,04 mag.
Key words: stars: fundamental parameters — stars: individual (P177D, P330E, BD+177°4708) ~ techniques:
photometric
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Figure 1. Variation of the brightness of BD+17°4708 in various bands.




2: DA White Dwarft Model Uncertainty
Models do not agree with each other
Bohlin et al 2014 : Rauch / Tlusty

G191B2B Bohlin et al 2014

G191B2R

Wavelength (um)



Models do not work 1n wide range
Bohlin et al 2014 : Rauch model / Tlusty model
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CALSPEC Model 2003 / Model 2010

Model 1s evolving in time
DA White Dwarf Models are not working at 1% level.....

CALSPEC Model 2003/ Model 2010

4500 000 ' |'don't trust VVD Models In

o Leve

Waveleneth (A)



Model Uncertainties
CALSPEC Primary Standards

V B-V Tes log g spectral
K] type
G191-B2B | 11.781 —0.33 61193 (241)* 7.492 (0.012)° DAO
60929 (993 7.55 (0.05)"

)
(993)

GD 1563 | 13.346 —0.29 38686 (152)* 7.662 (0.024)* DAl
(626)

40320 (626)°  7.93 (0.05)°
GD 71 13.032 —0.25 32747 (92)* 7.683 (0.023)*  DA1
33590 (483)®  7.93 (0.05)°

a

(Finley et al., 1997)

* (Gianninas et al., 2011)

Nicolas Regnault
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All-sky Faint DA White Dwarf Spectrophotometric Standards for Astrophysical
Observatories: The Complete Sample
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Abstract

Hot DA white dwarfs (DAWDs) have fully radiative pure hydrogen atmospheres that are the least complicated to
model. Pulsationally stable, they are fully characterized by their effective temperature 7.5 and surface gravity
log g, which can be deduced from their optical spectra and used in model atmospheres to predict their spectral
energy distributions (SEDs). Based on this, three bright DAWDs have defined the spectrophotometric flux scale of
the CALSPEC system of the Hubble Space Telescope (HST). In this paper we add 32 new fainter
(16.5 < V < 19.5) DAWDs spread over the whole sky and within the dynamic range of large telescopes.
Using ground-based spectra and panchromatic photometry with HST/WFC3, a new hierarchical analysis process
demonstrates consistency between model and observed fluxes above the terrestrial atmosphere to <0.004 mag rms
from 2700 to 7750 A and to 0.008 mag rms at 1.6 um for the total set of 35 DAWDs. These DAWDs are thus
established as spectrophotometric standards with unprecedented accuracy from the near-ultraviolet to the near-
infrared, suitable for both ground- and space-based observatories. They are embedded in existing surveys like the
Sloan Digital Sky Survey, Pan-STARRS, and Gaia, and will be naturally included in the Large
Synoptic Survey Telescope survey by the Rubin Observatory. With additional data and analysis to extend the
validity of their SEDs further into the infrared, these spectrophotometric standard stars could be used [or JWST, as
well as for the Roman and Euclid observatories.

Unified Astronemy Thesaurus concepts: Spectrophotometric standards (1555); DA stars (348); White dwarf stars
(1799); HIST photometry (756)




32 DA White Dwart Observed
ashil
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CALSPEC T=61,993+241 K (Finley 1997)
Primary G191B2B T=63,200+447K (new study 2023)

THE ASTROPHYSICAL JOURNAL, S51:78 (23pp). 2023 July | Axelrod et al.

Temp Terr _  zmes Av

Dernived Object Parameters”

Ohject T (K) T qer (K) log ¢ (dex) log g « (dex) Ay (mag) Ay o (mag)

G191B2B 63,200 447 7588 0.032 C.001 0.001
GDI153 38,7€5 185 7720 0.036 C.001 0.001
GD71 32,705 90 7782 0.020 C.003 0.001
WDFS0103-00 57,959 2366 7678 008! C.119 0.008
WDFS0122-30 33,9¢4 215 7771 0.031 C.048 0.005
WDF350228-08 23,026 269 7831 0.04: C.156 0.014
WDFS0238-36 23,169 34 1. 8¥0 0.014 0.171 0.005
WDFS0248+-33 33,148 393 7.103 0.043 C.305 0.007
WDFS0458-56 30,111 78 7788 0.018 C.014 0.003
WDFS0541-19 20436 83 7829 0.014 C.053 0.006
WDFS0639.57 54,7€0 300 7868 0.048 C.162 0.004
WDFS0727 1 32 53,516 1364 7657 0.064 C.167 0.005
WDFS0815+407 35,0(8 758 7257 0.049 C.076 0.012
WDFS0956-38 19,219 63 7875 0.012 C.078 0.005
WDFS1024-00 36,021 959 7654 0.125 (.240 0.015
WDFS1055-36 29,5C3 103 7920 0.025 C.106 (0.005
WDFS1110-17 46,442 1014 8011 0.080 C.159 0.005
WDESIT111439 S6874 1226 7769 0.4 C.022 0.005
WDFS1206+02 23,617 203 7 856 0.02: C.056 0.011
WDIs1206-27 33,884 169 7901 0.033 C.111 0.004
WDF3S1214445 34,1¢€9 255 7 846 0.038 C.022 0.005
WDFS1302+410 41,577 634 7927 0.017 C.080 0.005
WDFS1314-03 43,200 1397 7823 0.09] C.110 0.010
WDFS1434-28 20,332 86 7818 0.016 C.177 (0.005
WDFES15144-00 28,576 127 7903 0Ny C.120 0.005
WDFS1535-77 50,524 306 9050 0.020 C.034 0.004
WDFS1357435 57,758 983 7531 0.070 C.029 0.004
WDFS1¢38+00 58415 2133 7.749 0.108 C.210 0.008
WDEST¥14+T8 31,048 130 7802 0.014 .01 0.004
WDFS1837-70 19,159 63 7869 0.012 C.094 0.005
WDFS1630-52 36,263 19] 7669 0.020 C.132 0.003
WDES2101-05 20,187 239 7766 0.026 C.145 0.009
WDFS2317-29 23,120 18 7 851 0.019 C.001 0.002
WDF$2329400 20,557 196 7957 0.030 C.129 0.011
WDFS2351+437 41,2(8 342 7702 0.08: C.332 0.007




Comparison against SDSS & PS1
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Moment of Zen
)uasar Spectra Inspection




Moment of Zen
SDSS Quasar Candidate
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Blackbody Stars

THE ASTRONOMICAL JOURNAL, 156:219 (15pp), 2018 November htips: //doiorg /10.3847 /1538-3881 /aac88b
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Blackbody dtars
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Nao Suzuki' and Masataka Fukugita'”
! Kavli Institute for the Phygicﬁ and Mathematics of the Universe, University of Tokyo, Kashiwa 277-8583 Japan
~ Institute for Acvanced Study, Princeton NJ 08540, USA

Received 2017 October 17; revised 2018 February 2; accepted 2018 February 6; published 2018 October 24

Abstract

We report the discovery of stars that show spectra very closc to blackbody radiation. We found 17 such stars
out of 798,593 stars in the Sloan Digital Sky Survey (SDSS) spectroscopic data archives. We discuss the value
of these stars for the calibration of photometry, regardless of the the physical nature of these stars. This gives
us a chance to examine the accuracy of the zero point of SDSS photometry across various passbands: we
conclude that the zero point of SDSS photometric system is intemally consistent across its five passbands to the
level below 0.01 mag. We may also examine the consistency of the zero points between UV photometry
of Galaxy Evolution Explorer and SDSS, and IR photometry of Wide-field Injrared Survey Explorer
against SDSS. These stars can be used not only as photometric but also spetrophotometric standard stars. We
suggest that these stars showing the featureless blackbody-like spectrum of the effective temperature of
10000 + 1500 K are consistent with DB white dwarfs with temperatures too low to develop helium absorption
features.

Key words: cosmological parameters — cosmology: observations — dark energy — standards — stars: distances -
white dwarfs
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17 Blackbody Stars
out of 798,593 SDSS DR 12 stellar spectra
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IR Excess 1s checked

5 Stars showed IR excess and excluded
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Radius of Blackbody Stars

0.7% accuracy in radius!

GAIA DR2
L 'ff" 3

N}Illli‘

J002739.497-001741.93
J004830.324—-001752.80
JO14618.5988)5150.51
J022936.715-
J083226.568—3
JO83736.557—512
J100449.541—-12
J111720.801—10595T
J114722.608—171525.21
J121535.626—123821.58
J125507.082—192459.00
J134305.302—270623.98
J141724.929—-494127 85
J151859.7.7—002839.58
J161704.078—181311.96
J230210.032 003021.60

0.6% error on Temperature

Table 1.

TelT
(K)

1066260
10639140
1177048
3901+31
7952195
T119+61
07731136
10950+121
69621109
1008667
KB&2+98
10678151
10503+712
0072+ 131
8HOR+RK
10178+12

R]‘rl.('k-nl I(]y Sl.?l.l'ﬁ .

Radines
(km)

8315655
7045+209
8147390
68424354
6941 1296
6781160
81201794
6786196
70661420

6310+12
(I97+1R2
6330+374

7005+46
63281191
(1394122
TA17x£137

Raudins
(Earth)

1.304+0.103
1.105+0.033
1.277+0.061
1.073+0.056
1.08310.046
1.063+0.025
1.27310.125
1.061+0.031
1.108.10.066
0.995+0.007
1.097+0.029
0.992+0.059
1.112+0.007
0.992+0.078
0.963+0.021
1.168+0.022

GATA DR2

Nistznee

118.17+3.09
176.02+10.4D
RB.A7+0.58
169.831+13.27
111.77+2.41
121.154+2.21

P‘rl l'}l"}'. X

(mas)

4.366+0.344
7.315+0.218
2.042+0.266
6.438+0.334
8.45710.361

10.937+0.259

4.49710.440
7.118+0.215
6.37210.379

141.116+0.095

8.462+0).221
5.681+0.336

11.316+0.075

5.888+0.160
8.947+0).193
8.231+0.152

Fractional
Error

0.079
0.030
0.048
0.052
0.043
0.021
0.068
0.029
0.060
0.007
0.026
0.059
0.007
0.078
0.022
0.018




What 1s the 1dentity

~ of Blackbody Star?
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On the nature of the black-body stars
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ABSTRACT

We study the physical nature of the black-body stars recently discovered. We use sets of white dwarf (WD) model atmospheres
with pure-He, pure-H, and H/He mixtures to compute synthetic spectra and compare theoretical expectations with observations of
the black-body stars. We find that the spectral properties of the black-body stars in the UV and the optical are reproduced to high-
accuracy by helium dominated atmospheres possibly with trace amounts of hydrogen below the spectroscopic detection limit, -8 <
log (Ny/Ny.) < —6, and typical log g = 8 values corresponding to WDs of 0.6 M. Pure-He models with logg = 8 also provide a
good match from 12000 down to T.g = 8500 K, but fail to simultaneously fit the UV and optical colors for the cooler stars in the
sample. However, pure-He models with log g = 9 show a better match with the data, implying that black-body stars could be massive
white dwarfs, around ~ 1.2 M. We find that the emerging spectrum has a Planck distribution shifted towards the blue compared to
the expected shape based on the model effective temperature. The black-body temperatures determined from colors overestimate the
actual T,g of these stars by 400 K and up to 1000 K, depending on temperature and log (Ny /Ny.). We finally show that precision of
end-of-mission Gaia parallaxes should allow disentangling whether the black-body stars have typical white dwarf masses or represent
a massive, peculiar population.

Key words. white dwarfs — stars: atmospheres — stars: evolution — opacity




DA, DB, DC stars

DC stars are not always blackbody stars

DB stars -o—e- pure e models
11000K -o- -+ pure 1 models
I0DOOK =~ H/He models
v '-..:,{Q' / -~ == BB models

. ’
S a4
< &

/Black—body slars

Fig. 1. Color-color diagram for a sample of white dwarf stars from the
SDSS DRT7 catalog (Kleinman et al. 2013). Black-body stars from SF17
are shown with error bhars. [.ines denote theoretical color-color curves
for black-body (green short-dashed), pure-He (red/orange solid), pure-
H (blue long dashed), and mixed H/He (dotted) atmosphere models as
indicated in the figurc lcgend, in the range 12000-7000 K. Small circles
on top of the curves showing black-body, He atmosphere and H atmo-

™% r




Cooled He Star?

I \ LI l L L I L L l T T7 ] L

He (logg=7)
— " (log g=8)
-=== " (log g=9)
——- H (log g=8)

N,,/N, =10-¢

N,,/N, =10-54
— BB

| 1 1 1 1

\ AN
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35 111111111[1\1111111111}\1"',
-0.2 -0.1 0 0.1 0.2

g — Tr

L/

Fig. 2. (FUV-NUV)-(g — r) color-color diagram. BB-stars are shown as
black dots with error bars. Lines denote theoretical models as indicated
in the legend. Models with H/He mixtures correspond to log g = 8. The
H/He models with log (Ny/Nu.) = —6 reproduce all BB-stars data.
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Fig. 3. Emerging monochromatic flux. Orange short dashed line: pure-
He atmospherc with 7.y = 10000K: solid green line: black-body
spectrum with Ty = 10000K; blue long dashed line: pure-He atmo-
sphere with T.y = 9379 K; red dotted line: pure-He atmosphzare with
T.¢ = 9379K scaled np hy a factor 1.29 to match the total flux of a
T = 10000 K spectrum. Model atmospheres correspond to log g = 8.

Serenelli et al 2018
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Pan-Starrs & GAIA data makes it better
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Stellar density
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Follow-up Observations by

VLT (XShooter), SOAR(Goodman), Lick(KAST )

15 New BB stars from Lick, 12 New BB stars from VLT/SOAR
Out of 400 candidates : In GAIA DR3, 1-2 in 100 million stars

A 3 L & 1 - < . N

Mask | F? Name pMra_ancsne  pmde_ancsee Epoch fan td Fanrao Inst. Telesoopuinstrument  Tatal exposure ire 15) Oase Oosenved  Pno Obs ath Obes Feahres obsonned in spoct

! RE 300 o

+J. 00178 0.07230 0 G Kast KAST 1200 2250870 Foalurehkess
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0 22.C BEOLO445-812530 +0.13125 0.104'8 20160 G=18.53 ; XSHOOTER 2025-07-43 €2 swan O 1 ES00 ebusep
0 162 BROMS23-205007 200077 £HA1757 0460 G=1653 XSHOATER HO207-19
0 22.CBBOC1847 332162 0.06736 0.18383 20160 G - 16.83 XSHOOTER 2025 07 18 €2 swan. O 1 6300
0 He[ BEOUZD11-440235 +0.03418 000344 20160 G=16.33 XSHOOTER 2023-07-19
0 <He BRODZ047 H16363 00065 HO0M66 0160 G=17.45 XSHOOTER 2030774

C2 BBODZ™32 374516 0.02866 014988 20160 G - 16.85 XSHOOTER 2025 0718
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o C: BEO13349-300045 0.02768 002527 20160 G 17.20 XSHOOTER 2025-07-26
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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

T I T T T T T T T T T | T T T T T T T T T T
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Summary

- 17 SDSS Blackbody Spectra (2018)

- 27 New Blackbody Stars being Observed (2023
ongoing)
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Av 1s a bit too much?

Wavelength (A)

SDSS-J010322.19-002047.7 Av = 0.101
SDSS-J102430.93-003207.0 Ay = 0.269
SDSS-J120650.40+020142.4 A, = 0.052

Deart vERSION Mozcu 15 2016

Proprin: syoosce uzing TRX swyls coaloatesp) v. 572711 ). SDSS—J16380036 00 | 177 1‘ 0200

FOWARDS A NFTWORK GF FAINT DA WHIPE DWARFS AS HICH PRECISION SPEOCTROPHOYTOMETRIC
STANDARDS

- ; 1 2 1 T 1 -
C. Naavan , T, Soocwnwon’. Jo B Horoenos™, T Mannzoxn', A, Sana’, B Oussewena, J. Cravead', W
1. C. Bonun®, S. Devstua'. A, Restt,
Lhut wersaon Mareh 15, 2008

ADETRACT

We present mitial resul:s rom a program anned at establishing a network of hot DA white dwarf:
to serve as spectrophotomerric s randards for present znd future wide-field surveys. These stars
apen the equasorial zone =nd are “amt ancgh tn he onnvenient’y cheerved thron shear the vear
with large-aperture telescopes. Spectra of these white dwars ere analyzed e generate & non-local-
rthermaodvnamie nopnilibrinm (NLTE madel atmrosphars rormalzed o HS roloms, inendir s, adjnst
wents lor wavelength dependen: weesticllar extinclion. Oree astullisbed, Uy staodord star aetwork
will serve ground-bazed chservatories in both hemispleres as well 2s space-based instrumentation from
the TV to the near IR. We demonstrate the effectiveneas of thiz coneept and skow how two differ- - 5 D E
ent apprnacnes t the nenhlem naing somewhat different assimntinna prohice eqnvalers resnlts. We - 1.0 1.5 2.0 .9
disewss lessons learmed aud the resudlang correclve ous applivd Lo our prograu, Inverse Wavelength (pm 3
Subiest headinger Cosmolegy: Okbservazions, Methods: Diata Analysis. Sters. White Dwarfs, Surveys

Fic. 7.— Extinction curve fits with Ry = 3.1 using the reddening
law of Fitzpatrick (1999) (solid) and O’Donnell (1994) (dashed) for
four objects in our sample, spanning a range from low to high red-
dening. The largest differences in the derived value of Ay using the
two different extinction laws is seen for SDSS-J010322.19-002047.7
and SDSS-J120650.40+020142.4 where it is 0.001 mag. The mean
residuals between the data and the fit extinction curve are 3 mmag.




Reddening: Dust or Intrinsic
Can you tell which 1s which?

T=10000K ——o
T=10000K E(B-V)=0.05 ——
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Extinction can be fitted by different Temperature

|
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Temperature vs Extinction
It behaves 1n the same way
No way to distinguish which 1s which
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Physics behind

CCM Dust Model vs. Temperature Effect
Mie Scattering vs. Rayleigh Jeans

| CCM -
Blackbooy Ratio

1/7. (1/wavelength)



AB Mag != SDSS Mag
Suggested by D. Hogg (SDSS-I)

Holtzman (SDSS-II)
[ AR frdA

[ %
[ AR frdX
[ Zdx

[ ARfrdA
o=

2.407948 — 0.042

ABmag(u) = —2.5log1¢

ABmag(g) = —2.5log1g 2.407948 4+ 0.036

— 2.407948 + 0.015

- ADmag — —2.91
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HST may be off

SDSS original could be more accurate

Table 3.

Mean of residuals from the black-body fit (Am=data — black-body fit): The 17 black-body stars are

used 1n this calculation. Row | 1s with the raw value of brightness given in SDSS data release DR8; Row 2 gives
the offsets suggested by Ilogg to make the SDSS magnitude closer to the AB system, and row 3 1s the mean
residuals for this case. Row 4 gives the offsets suggested by Holzman (2009) to make the SDSS magnitude
closer to the AB system with CALSPEC, and Row 5 1s the mean residuals.

Data Namc GALEX TUV

Mean Residuals without Oftsat
Hogg’s Offsct to SDSS

Mean Residuals with Hogg Offset
Holtzman et al Offset (CALSEPC)
Mean Residuals with Holzman Offset

0.191=0.202

0.218=0.215

0.215=0.213

GALEX NUV

-0.000+0.081

0.0160.097

0.018+0.093

SDSS-u

-0.006=0.031
-0.042
-0.047=0.034
-0.037
-0.038=0.033

SDSS-g

-0.008+0.025
0.03¢
0.020=0.025
0024
0.0130025

0.007/+0.012
0.015
0.007+0.014

0.005
0.003+0.013

0.002+0.017/
0.013
-0.002+£0.016

0.018
0.009+£0.016

J.0U3+0.052
-0.002
-0.0191-0.054

-0.0156
-0.027+0.054
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SDSS (2.4m) &
Calibration Telescope (0.5m)

o VegaldBH2 9 X 2% DT, Oke & Gunn (1983) TVega
AT 5 11 TW A BD172 AB MagD i & T 5

o [AIHFZIICEEHER 2 %120 S mBE i #H CTELH] L 2.4m
DT Rl VI L’C VB,




