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NGC	  4068:	  HST	  



Op0cal	  CMDs	  
NGC 4068

1 0 1 2
F606W F814W

2

4

6

8

F8
14

W

RHeB Stars
BHeB Stars

MS Stars

RGB Stars

AGB Stars

McQuinn	  et	  al	  2010a	  

Kristen	  McQuinn 	   	   	   	   	   	   	   	   	   	  	  	  	   	   	  Minnesota	  Ins0tute	  for	  Astrophysics	  



Star	  Forma0on	  Rate…	  
	   	  	  	  	  as	  a	  func0on	  of	  0me	  

McQuinn	  et	  al	  2010b	  

Kristen	  McQuinn 	   	   	   	   	   	   	   	   	   	  	  	  	   	   	  Minnesota	  Ins0tute	  for	  Astrophysics	  

SF
R	  
(M


	  y
r-‐1
)	  



Equivalent	  UV	  CMD	  
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NGC	  4068:	  GALEX	  



Can	  we	  connect	  Op0cal	  and	  UV	  fluxes?	  

McQuinn	  et	  al.	  in	  prep.	  

Kristen	  McQuinn 	   	   	   	   	   	   	   	   	   	  	  	  	   	   	  Minnesota	  Ins0tute	  for	  Astrophysics	  



Can	  we	  connect	  Op0cal	  and	  UV	  fluxes?	  

McQuinn	  et	  al.	  in	  prep.	  

Kristen	  McQuinn 	   	   	   	   	   	   	   	   	   	  	  	  	   	   	  Minnesota	  Ins0tute	  for	  Astrophysics	  
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UV	  Resolved	  Stellar	  Popula0ons	  
Dalcanton	  et	  al.	  2012	  
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The	  Importance	  of	  the	  UV	  in	  SED	  Fiang	  

as compiled by Savage &Mathis (1979). On the other hand,
the amount of extinction from the LMC dust is one of the
parameters of the fit. We have taken the LMC reddening
law in the direction of our field to be the one determined by
Scuderi et al. (1996) from a study of an HST Faint Object
Spectograph (FOS) ultraviolet and optical spectrum of star
2, one of the companions to SN 1987A projected just 3>9
northwest of it. It is, of course, crucially important to use a
reddening law derived in the same field under study, as it
may vary considerably from place to place on quite small
angular scales (see, for example, Whittet 1992). These red-
dening laws were used to compute the extinction coe!cients
in the WFPC2 passbands for every combination of input
model spectrum and value of E(B!V ) (see Table 8).

The fitting procedure consists of two steps:

1. We first use a reddening-free color to determine which
stars can be used to measure the reddening unambiguously.
2. Once this is done, we use the full information from the

six bands to fit the observed spectral energy distribution for
all the stars.

We will now describe these two steps.

4.1. First Step: Reddening-free Colors

It is a well known fact that the solution in the E(B!V )-
Te" plane may not be unique for stars later than, roughly
speaking, A0, and that di"erent combinations of tempera-
ture and reddening may lead to almost indistinguishable
optical and near-UV low-resolution spectra. An example is
shown in Figure 5, in which we compare Bessel et al. (1998)
models for three combinations of temperature and redden-
ing: Te" = 5000 K and E(B!V = 0) (short-dashed line),
Te" = 7600 K, reddened by E(B!V ) = 0.55 (long-dashed
line), and finally Te" = 12,000 K and E(B!V ) = 0.86 (con-
tinuous line). The spectra are normalized to the F814W flux
and error bars corresponding to 0.1 mag are shown. To all
practical purposes the spectra are identical for wavelengths
longer than 3300 Å, and only good data in the ultraviolet
can help to distinguish them. Unfortunately, though, these
data are often not available, as imaging in the ultraviolet
can be done only from space and it requires very long expo-
sure times for red stars.3 The purpose of the first step of the
procedure, then, is to use a reddening-free color to eliminate
the E(B!V )-Te" degeneracy when no ultraviolet observa-
tions are available.

Let us consider the reddening-free colorQUBI, a combina-
tion of the magnitudes in the U, B, and I passbands (e.g.,

Mihalas & Binney 1981, p186):

QUBI " #U!B$ ! E#U!B$
E#B!I$

B!I# $ : #2$

QUBI is reddening-free in the sense that

QUBI % U!B# $0&E U!B# $

! E#U ! B$
E#B!I$

B!I# $0&E B!I# $
! "

’ QUBI ;0 ;

where the subscript ‘‘ 0 ’’ indicates the unreddened quanti-
ties. QUBI is not exactly equal to QUBI,0 because the coe!-
cient in equation (2) is not a constant but depends on the
temperature of the star and on the amount of reddening in
front of it (see Appendix A). With the reddening law of
Scuderi et al. (1996) and by using the WFPC2 filters
F336W (U), F439W (B) and F814W (I ), one finds
E(F336W!F439W)/E(F439W!F814W) ’ 0.42 for Te" &
5500, and this is the value we will use.

The reddening-free color QUBI computed with the models
by Bessel et al. (1998) for theWFPC2 filters is plotted in Fig-
ure 6 versus F336W!F814W. The curve is for E(B!V ) = 0,
and the arrow is the reddening vector for E(B!V ) = 0.2
mag.

Fig. 5.—Comparison of spectra for di"erent combinations of Te" and
E(B!V ): Te" = 5000 and E(B!V ) = 0 (short-dashed line), Te" = 7600 and
E(B!V ) = 0.55 (long-dashed line), Te" = 12,000 and E(B!V ) = 0.86 (con-
tinuous line). The spectra are normalized to the F814W flux and error bars
corresponding to 0.1 mag are shown. As it can be seen, at this resolution the
spectra are almost indistinguishable for wavelengths longer than 3300 Å,
and ultraviolet imaging is needed to tell them apart.

TABLE 3

Observed Magnitudes and Statistical Errors for the Stars of Figure 4

Panel F255W F336W F439W F555W F675W F814W

a.......... 15.74 ' 0.01 16.13 ' 0.01 17.37 ' 0.01 17.23 ' 0.01 17.44 ' 0.01 17.48 ' 0.01
b.......... 19.34 ' 0.04 19.24 ' 0.01 19.83 ' 0.01 19.69 ' 0.01 19.45 ' 0.01 19.28 ' 0.01
c .......... 21.50 ' 0.20 20.99 ' 0.03 20.91 ' 0.02 20.71 ' 0.01 20.45 ' 0.01 20.35 ' 0.01
d.......... 22.10 ' 0.30 21.32 ' 0.04 21.23 ' 0.02 20.85 ' 0.01 20.46 ' 0.01 20.26 ' 0.01

3 For example, 4700 s would be required to reach a signal-to-noise ratio
of 5 in the F255W filter for an F0 V star at the distance of the LargeMagel-
lanic Cloud.
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Figure 4. Best-fitting models (in black) to the observed spectral energy dis-
tributions (in red) of three galaxies spanning wide ranges in star formation
and dust properties in the matched GALEX–SDSS–2MASS–IRAS sample
described in Section 2: from quiescent, moderately dusty (top panel) to ac-
tively star-forming, highly dusty (bottom panel). In each panel, the blue line
shows the unattenuated stellar spectrum. The red squares show the observed
broad-band luminosities (GALEX FUV, NUV; SDSS ugriz; 2MASS JHKs;
IRAS 12, 25, 60 and 100 µm) with their errors as vertical bars and the widths
of the filters as horizontal bars. The fit residuals (Lobs

! ! Lmod
! )/Lobs

! are
shown at the bottom of each panel.

To illustrate the quality of these fits, we show in Fig. 4 three exam-
ples of the best-fitting spectral energy distributions of galaxies span-
ning wide ranges in star formation and dust properties in our sample,
from quiescent, moderately dusty (IRAS F15105+5959, top panel)
to actively star-forming, highly dusty (IRAS F09253+1724, bottom
panel). The middle panel shows the spectral energy distribution of
a galaxy corresponding roughly to the median star formation and
dust properties of the sample (IRAS F15028+0820).

4 TH E R E L AT I O N B E T W E E N S TA R
F O R M AT I O N AC T I V I T Y A N D D U S T C O N T E N T
IN GA LAXIES

The method described in Section 3 above allows us to derive sta-
tistical constraints on the star formation rate averaged over the last
108 yr, " , the stellar mass, M", the total dust luminosity, L tot

d , the
fraction of this contributed by dust in the diffuse ISM, f µ, and the
total dust mass, Md, for the 3258 galaxies in the matched GALEX–
SDSS–2MASS–IRAS sample described in Section 2.

In Fig. 5, we show the resulting relation between dust mass Md

and star formation rate " . The grey contour shows the distribution
for the full sample, while grey points show the distribution of a
subsample of 1658 galaxies with highest S/N photometry at ultra-
violet, optical and infrared wavelengths. This high-S/N subsample

Figure 5. Median-likelihood estimate of the dust mass, Md, versus that of
the star formation rate averaged over the last 108 yr, " , for the matched
GALEX–SDSS–2MASS–IRAS sample described in Section 2 (in grey) and
the SINGS galaxies (in orange). The grey contour shows the distribution
of the full matched sample of 3258 galaxies, while grey points show the
distribution of the subsample of 1658 galaxies with highest S/N photometry
in all bands (see text). The median error bars for each sample are indicated in
the lower-right corner. These correspond to the median 16th–84th percentile
range of the likelihood distributions in Md and " . The black line shows
a linear fit to the grey points, computed as the bisector of the least-square
regression lines on each axis.

includes only galaxies with relative photometric errors less than
2# larger than the sample mean in each band. Also shown in the
lower-right corner of Fig. 5 are the median errors in " and Md,
derived from the likelihood distributions of these parameters for all
the galaxies in the sample.

The correlation between dust mass and star formation rate is
remarkably tight in Fig. 5, spanning four orders of magnitude in
both " and Md. We perform a linear fit to the grey points (i.e. the
highest S/N subsample) by computing the bisector of two least-
square regression lines (Isobe et al. 1990): one in Md as a function
of " and one in " as a function of Md. This gives (black line in
Fig. 5)

Md = (1.28 ± 0.02) # 107 ("/M$ yr!1)1.11±0.01 M$ . (9)

The uncertainties quoted in this expression are formal ones derived
by taking into account the confidence range in each " and Md mea-
surement. These uncertainties are much smaller than the intrinsic
scatter of the relation (about 0.5 dex in Md). Equation (9) can thus
be used to estimate the ‘typical’ dust mass in a galaxy, based on the
star formation rate. To our knowledge it is the first time that such
an expression is calibrated for a large sample of galaxies.

We have investigated the extent to which the SDSS, GALEX and
IRAS selections of our sample may introduce a bias in the relation
between star formation rate and dust mass derived from Fig. 5.
We used for this the library of stochastic models described in Sec-
tion 3.2.1. Since these models are normalized to total stellar mass (da
Cunha et al. 2008), we assigned a random stellar mass (and scaled
dust mass and star formation rate) to each model in the library.

C% 2010 The Authors. Journal compilation C% 2010 RAS, MNRAS 403, 1894–1908
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Summary	  

•  Ground	  Truth	  on	  UV	  emission	  from	  stellar	  popula0ons	  
–  Accurately	  predict	  the	  UV	  flux	  from	  composite	  stellar	  popula0ons	  

–  FUV	  SFRs	  calculated	  from	  scaling	  rela0ons	  are	  too	  low	  

•  Future	  gains	  
–  Constraints	  on	  the	  recent	  chemical	  enrichment	  of	  galaxies	  as	  a	  

func0on	  of	  radius	  	  

–  Improved	  models	  of	  UV	  bright	  BHeB	  stars	  

–  Rela0ve	  weights	  of	  recent	  vs.	  intermediate	  and	  old	  SF	  in	  galaxies	  
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