
Perfect Blackbody Stars as 
Primary Flux Standards

• Vega Spectrum & CALSPEC problems 

• Discovery of Blackbody Stars (Suzuki & Fukugita 2018) 

• More Blackbody Stars (XShooter, SOAR, Lick) 

• UV-Opt-IR Calibration

Nao Suzuki (Lawrence Berkeley National Lab / LPNHE)



HSC SNIa Cosmology for Dark Energy
Subaru HSC Discovery Hubble Space Telescope
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Calibration Giants 
@IAU 2018 Focus Meeting on  Calibration

Ralph Bohlin (STScI): CALSPEC

Masataka Fukugita: SDSS

Susana Deustua (STScI) : New Vega Spectrum



Vega Mag System



• Hayes 1985 :  3.44 ± 0.05 × 10-9 @ 5556Å 

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



Definition 
of Vega Mag

A0 Stars which  
Satisfies: 
U-B=0 
B-V=0



Vega Mag 
6つのA0V星の平均値

Table 3 :  V   B-V   U-B

Vega=αLyr の等級 
U=0.02  B=0.03   V=0.03



Vega Mag:  
等級はVegaとの比の対数

Credit: O’Connell Lecture Note

ST Mag 

Vega Mag 

AB Mag



• Hayes 1985 (IAU) :  3.44 ± 0.05 × 10-9 @ 5556Å 

Why Vega Spectrum? 
Absolute Physical Unitsと紐付けされた唯一の星 

IAUの定義は５つの測定の平均値、定義に５％の誤差



CALSPEC &  
DA White Dwarfs



Vega Spectrum: Do you see the problem?

1.6% offset



CALSPEC Vega is stitched at 4200A 

Bohlin & Gilliland 2004 



BD17 Spectrum:  Vega Error Propagates

• 3603



BD28 Spectrum:  Vega Error Propagates

Independently calibrated spectra 
shows the same trend



BD17 is a variable

• "



2: DA White Dwarf Model Uncertainty 
Models do not agree with each other 

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

Bohlin et al 2014 : Rauch / Tlusty
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Models do not work in wide range 
Bohlin et al 2014 : Rauch model / Tlusty model
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CALSPEC  Model 2003 / Model 2010 
Model is evolving in time 

DA White Dwarf Models are not working at 1% level…..

Model Spectrum moves

I don’t trust WD Models in 
1% Level



Model Uncertainties  
CALSPEC Primary Standards

Nicolas Regnault





32 DA White Dwarf Observed 
by HST



T=61,993±241 K (Finley 1997) 
T=63,200±447K (new study 2023)

CALSPEC 
Primary G191B2B 

AvTemp     Terr



Comparison against SDSS & PS1

ΔSDSS

ΔPan-Starrs



Moment of Zen 
Quasar Spectra Inspection



Moment of Zen 
SDSS Quasar Candidate



Blackbody Stars



AAS Research Highlights



17 Blackbody Stars  
out of 798,593 SDSS DR12 stellar spectra



IR Excess is checked 
5 Stars showed IR excess and excluded



Radius of Blackbody Stars 
0.7% accuracy in radius! 

0.6% error on Temperature

GAIA DR2



What is the identity 
of Blackbody Star?





DA, DB, DC stars 
DC stars are not always blackbody stars



Cooled He Star?

Serenelli et al 2018 



+Pan Starrs + 
GAIA

Pan-Starrs & GAIA data makes it better



GAIA DR3 : 1.81 billion Stars
Ryan Cooke (Durham) identified 441 Candidates



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



New Data from HST is being taken now

HSTGAIA DR2

HSTPan Starrs

SDSS

SDSS+GALEX

Expected



Looking at the Future with JWST 
today 0.3%, but we can do 0.1%
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Summary

• 17 SDSS Blackbody Spectra (2018) 

• 27 New Blackbody Stars being Observed (2023 
ongoing) 

• Aim to predict 0.1-0.3% precision 0.1-0.3% from UV-
VIS-IR 

• HST-Euclid-Roman-JWST network 



Backup Slides



Av is a bit too much?!

1.009kpc

590.4pc
876.43pc



Reddening: Dust or Intrinsic 
Can you tell which is which?



Extinction can be fitted by different Temperature



Temperature vs Extinction 
It behaves in the same way 

No way to distinguish which is which



Physics behind 
CCM Dust Model vs. Temperature Effect 

Mie Scattering vs. Rayleigh Jeans



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

Holtzman (SDSS-II)
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HST may be off 
SDSS original could be more accurate





AB Magnitude Definition 
光子の数で重みをかけた積分

ABmag = �2.5log10
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定義のサインが 
間違っている！ 

CCDは光子をカウント 

周波数か波長か 
式の形が変わる

SDSS (2.4m) &  
Calibration Telescope (0.5m)

• Vegaは明るすぎるので、Oke & Gunn (1983)でVega
と紐付けられているBD17をAB Magの原点とする 

• 同時刻に標準星を常に0.5m望遠鏡で観測し2.4m
の望遠鏡を較正している。


