Absolute Photometric Calibration
* In Space and on the Ground
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Cycle 20 HST GO program - Pl , A. Saha

 Large Synoptic Survey Telescope (LSST)
o Establish a Network of Absolute Standard Stars

* A Lasting Legacy
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Engineering First Li




How do you (Photometrically) Calibrate LSST?

- 1% for Absolute Fluxes

* 0.5% for Relative Fluxes
* In six bands: ugrizy

* Over half the sky

* For magnitudes > 16
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But! First some Ancient History
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Holberg et al. (1982)

Calibration of the Voyager UV Spectrometers

HOLBERG, FORRESTER, SHEMANSKY, AND BARRY

VOYAGER
CARRUTHERS et al.

F Y
T L] L]

("]
T

e Orl

SPECTRAL RATIO
o o

[+]
T

o Or|

| I T T T U I E— —

7000 200 300 7600
WAVELENGTH (ANGSTROMS)

SPECTRAL RATIO

VOYAGER
BRUNE et al.
| v
2L o ir -
i o
SkIﬂikhumxhihﬁnﬂ
2t Cen
|j’lr r] = — ——ﬁ _— o
3-.
2t o Erl
3..
ot C Pup
| _.-—-"_"l.r"l-...-n'—hl___r
7 =
3-.
2l m TV
000 1200 1400 600

WAVELENGTH (ANGSTROMS)




seac A

Photons/cm?

-]

Photons/cmZ ssc A

-
—— VOYAGER 2

= CARRUTHERS et al._]

- MODEL

2000

o Ori —— VOYAGER 2

m—— CARRUTHERS et al._]

- MODEL

6?0

1 l | 1
1000 1200 1400 1600

WAVELENGTH (ANGSTROMS)

TV ALY ekl YT T Wre i § O W I

gec .Sc

Photons/cm®
0.5

T

= 55000 K BLANKETED

— VOYAGER 2

T

MODEL _

o
o

08/011/13

VOYAGER
MODEL

I
1000

1
1200
WAVELENGTH

1
1400
(ANGSTROMS)

1
1600




Hot DA White Dwarfs

1.Fully Radiative Photospheres
2.Pure-H Photospheres
3.Reliable Modeled Atmospheres
4.Synthetic Photometry

(Holberg & Bergeron 2006) *

1.Photometricaly Stable

2.\Wavelength Coverage (EUV to NIR)
3. Relatively Low Reddening

4. Widely Observable
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WD
WDO0100-006
WD0225-086
WDO0408-066
WDO0812+076
WD1021-002
WD1204+023
WD1300+104
WD1312-029
WD1511+009
WD1635+008
WD1719+297
WD2034-053
WD2059-059
WD2327-000
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Cycle 20 White Dwarf Targets

S DSS-J
010322.19-002047.6
022817.17-082716.4
041053.63-063027.8
081508.78+073145.8
102430.93-003207.0
120650.41+020142.4
130234.43+101238.9
131445.04-031415.6
151421.26+004752.8
163800.36+004717.8
172135.97+294016.0
203722.17-051303.1
2010150.66-054551.0
232941.33+001107.9

Sp
DAO.7
DA2.3
DAO.8
DA1.5
DA1.2
DA2.0
DA1.2
DA1.1
DA1.7
DAO.8
DA5.3
DA1.3
DA1.7
DA2.4

g
19.09

19.97
19.09
19.68
18.88
18.65
16.98
19.05
16.10
18.83
19.62
18.91
18.66
18.12

Teff
71160
22321
71160
32287
41386
24926
42076
46560
28999
61806
9426
37833
28816
21266

log g
7.73

7.89
7.73
6.81
7.74
7.98
791
7.77
7.81
7.19
8.26
7.89
7.78
7.88

dist
1547
785
1540
PAKY
918
488
398
1540
161
505
239
791
651
328

E(B-V)
0.04
0.03

0.03
0.11
0.02
0.03
0.05
0.04
0.08
0.00
0.09
0.03
0.07



Method

* WFP3 Fluxes in 5 Bands (HST Scale)

* GMOS Balmer Spectra — T, log g

* NLTE Model Grid — F(4) detailed spectrum
* Determine Reddening

* Absolutely Calibrated Standard Stars
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SDSS-J102430.93-003207.0
WD 1021-002
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GMOS Spectra

2'0||||||||| T 1 T 1 T 1T T 1T T T 1 T T 1 2'0IIIIIIIIIIIIIIIIIIIIIIIIIIIII

L wD1511+009 J L wD1021-002

1.5

Normalized Flux
o
I
|
Normalized Flux
o
|

0.5 - 0.5 -
L Te = 28999 K ] - Tw = 41386 K
log g = 7.810 log g = 7.740
OO0l v v v b v b v b v b by OO0Li v by v by b Lo Laa
—-150 =100 =50 0 50 100 15 =150 =100 =50 0 _50 100 130
AWavelength(A) AWavelength(A)




Interstellar Reddening
How =ty + A, xE(B-V)

>

A, Band Pass Weighted Extinction

r g
SDSS Bands
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Revising GALEX Photometric Calibration

Larry Camarota & J. B. Holberg
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GALEX Image of WD1511+009

; MISWZN15_33819_03380

(Double click an object to display its properties)
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GALEX Pass bands With WD SED

NUV detector response

2000 2500
Wavelength(A)




GALEX Observed (measured) vs Expected
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Conclusions

* A New Generation of faint Standards
* Photometric and Spectrophotometric
* Wide Range of A

» Arbitrary Resolution — Noiseless

* Directly Tied to HST Scale

Do it right. It will out live us all.

08/011/13



