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THE	
  GALEX	
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•  Jeans-­‐Parker	
  instability	
  

operates	
  in	
  10-­‐20	
  Myr	
  	
  

•  It	
  transports	
  maVer	
  to	
  a	
  low	
  
halo	
  reaching	
  about	
  2	
  kpc	
  	
  and	
  
crea8ng	
  a	
  thick	
  gas	
  disk	
  

•  It	
  generates	
  dense	
  mass	
  
“pockets”	
  where	
  mass	
  is	
  
concentrated	
  and	
  the	
  large	
  
molecular	
  complexes	
  form	
  

•  Coupling	
  between	
  maVer	
  and	
  
the	
  field	
  is	
  controlled	
  by	
  two	
  
frecuencies:	
  girosyncrotron	
  
and	
  collisions	
  neutrals-­‐charges	
  	
  

	
  



	
  
•  Magne8c	
  and	
  gravita8onal	
  

energy	
  densi8es	
  are	
  similar	
  
(Goodman	
  &	
  Myers	
  1990)	
  

	
  
•  Velocity	
  anisotropies	
  aligned	
  

with	
  the	
  local	
  projected	
  
mean	
  field	
  direc8on	
  (Heyer	
  &	
  
Brunt	
  2012)	
  

•  Ambipolar	
  filamenta8on	
  
(Franqueria	
  et	
  al.	
  2004)	
  

	
  
•  Coupling	
  field-­‐plasma	
  relies	
  

on	
  the	
  dust	
  grains.	
  Dust	
  
grains	
  contain	
  most	
  of	
  the	
  
mass	
  of	
  the	
  ionized	
  
component	
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Grains	
  contain	
  most	
  of	
  the	
  mass	
  of	
  charged	
  
par8cle	
  and	
  provide	
  a	
  susbtan8al	
  frac8on	
  
to	
  the	
  charge	
  component	
  	
  
	
  
	
  
The	
  size	
  of	
  the	
  dust	
  grains	
  is	
  relevant	
  for	
  
the	
  resonance	
  frequencies	
  and	
  the	
  neutral-­‐
charge	
  coupling	
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N(H2)	
  =	
  104	
  cm-­‐3	
  

B	
  =100	
  μG,	
  xe	
  =	
  10-­‐7	
  

Mgas/Mdust	
  =100	
  
	
  
ω’	
  =	
  ω/1.2x10-­‐2	
  yr-­‐1	
  

	
  

a = 0.1 µm 

a = 0.01 µm 

Poin8ng	
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Fitzpatrick	
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  Massa	
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determined by a scale factor c3. Finally, the degree of departure
of the curve in the far-UV from the underlying linear component
is specified by a single parameter c4. Defining x ! k"1, the com-
plete UV function is given by

k (k" V ) ¼ c1 þ c2xþ c3D(x; x0; !)þ c4F(x); ð11Þ

where

D(x; x0; !) ¼
x2

x2 " x20
! "2þx2!2

; ð12Þ

and

F xð Þ ¼ 0:5392 x" 5:9ð Þ2þ 0:05644 x" 5:9ð Þ3; x > 5:9;

0; x ' 5:9:

(

ð13Þ

It is worth emphasizing that the FM90 parameterization is a
mathematical scheme only, which allows us to reproduce UV
extinction curves in a shorthand form (and makes the current
program possible). However, it is not to be assumed that the
functional components of the scheme represent actual separate
extinction components arising in distinct dust grain populations.
This parameterization has proven very useful and to the best of
our knowledge is able to reproduce all known UV extinction
curves to the level of observational error. Its flexibility is illus-
trated in x 5 below. Note that we terminate the FM90 formula
at 2700 8, although we originally used UV data extending to
3000 8. Additional experience with the UV data has suggested
that real extinction curves begin to exhibit departures from the
FM90 formula near 2700 8, because of the unrealistic extrap-
olation of the linear component into the blue to violet region.

The 10 spline anchor points that characterize the near-UV
through IR portion of the curve are determined by a least-squares

fit to the IUE data longward of 2700 8 and the available optical
and IR photometry. Although there are 10 anchor points, there are
also 6 constraints, so the fit actually introduces only 4 additional
degrees of freedom. We now discuss these constraints in detail.

The two UV anchor points, U1 and U2 at 2700 and 2600 8,
respectively, are fixed at the values of the FM90 UV fitting func-
tion at their wavelengths and are not adjustable. Together with
O1 at 3300 8, these points guarantee that the curve that passes
through the IUE data between 2700 and 30008will join both the
UV and optical portions of the curve smoothly.

The four optical anchor points,O1,O2,O3, andO4 at 3300, 4000,
5530, and 7000 8, respectively, are fit under two constraints: that
the interpolated curve produces a value of k(k" V ) ¼ 0 in the V
band, and that the curve be normalized to unity in E(B" V ). Thus,
only two free parameters emerge from this region.

The four IR points, I1, I2, I3, and I4 are located at 0.25, 0.50,
0.75, and 1.0 "m"1, respectively. These four points are con-
strained to satisfy the formula

In ! k(k" V ) ¼ kIRk"1:84
n " R(V ); ð14Þ

where the scale factor, kIR, and the intercept, R(V ), are the only
free parameters. This is the power-law form usually attributed to
IR extinction, with a value for its exponent fromMartin &Whittet
(1990). The exponent of the power law could, potentially, be
included as a free parameter in the fitting procedure, and we will
investigate this in the future. However, our impression is that the
IR data available to us (primarily 2MASS JHK photometry) are
insufficient to determine this quantity accurately. All results pre-
sented in this paper assume an exponent of"1.84 in equation (14).

3.3. The Stellar Surface Fluxes

To represent the intrinsic surface fluxes, Fk, of reddened stars
we use R. L. Kurucz’s line-blanketed, hydrostatic, LTE, plane-
parallelATLAS9models, computed in units of ergs cm"2 s"18"1

and the synthetic photometry derived from the FM05 models.
Thesemodels are functions of four parameters: Teff , log g, [M/H],
and vt. All of these parameters can be determined in the fitting
process, although, because of data quality, it is sometimes nec-
essary to constrain one or more to a reasonable value and solve
for the others.

The general technique of deriving extinction curves via stellar
atmospheres is, of course, not dependent on the specific set of
models used. In the present case, the most important consider-
ation for our adoption of the ATLAS9 models is that they work,
at least within a specific spectral domain. FM99 and FM05 have
shown that these models provide excellent fits to the observed
SEDs for lightly reddened or unreddened main-sequence B stars
throughout the UV through near-IR spectral region. In addition,
experience with eclipsing binaries (see Fitzpatrick et al. 2003
and references therein) has shown that the good SED fits also
yield accurate estimates of the physical properties of the stars.
Because of the physical ingredients of the models (specifically
LTE and plane-parallelism), we currently restrict our attention to
the main-sequence B stars.We plan to investigate howwell these
models reproduce the SEDs and properties of somewhat more
luminous B stars and also the later O types. Also, we will take
advantage of more complex models (e.g., the non-LTE TLUSTY
models) as the available grids expand their parameter ranges.

3.4. Summary

To summarize, we model the observed SEDs of reddened
near-main-sequence B stars by treating equation (10) as a non-
linear least-squares minimization problem. As a result, we can

Fig. 2.—Flexible, parametrized representation of the IR through UV extinc-
tion curve. The curve consists of two parts: (1) the UV (i.e., k ' 2700 8; solid
curve) for which we adopt the three-component parameterization scheme of FM90
and (2) the optical through IR (i.e., k > 2700 8; dashed curve) for which we
adopt a cubic spline interpolation through sets of IR (I1, I2, I3, I4), optical (O1,O2,
O3, O4), and UV (U1, U2) ‘‘anchor points.’’ The values of the anchor points and
the six parameters describing the UV portion of the curve are determined by
fitting the observed SED of a reddened star, as described in x 3. The dotted line
shows the ‘‘linear component’’ of the UV extinction curve. The other two com-
ponents, which are added to the linear component, are the 2175 8 bump profile
centered at k"1 ’ 4:6 "m"1 and the far-UV rise, which refers to the departure of
the curve from the extrapolation of the linear component at very short wave-
lengths. See the discussion in x 3.2. The particular curve shown in this figure
corresponds to that derived in x 5.2 for the star HD 147933.
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trated in x 5 below. Note that we terminate the FM90 formula
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olation of the linear component into the blue to violet region.
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and IR photometry. Although there are 10 anchor points, there are
also 6 constraints, so the fit actually introduces only 4 additional
degrees of freedom. We now discuss these constraints in detail.

The two UV anchor points, U1 and U2 at 2700 and 2600 8,
respectively, are fixed at the values of the FM90 UV fitting func-
tion at their wavelengths and are not adjustable. Together with
O1 at 3300 8, these points guarantee that the curve that passes
through the IUE data between 2700 and 30008will join both the
UV and optical portions of the curve smoothly.
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process, although, because of data quality, it is sometimes nec-
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ation for our adoption of the ATLAS9 models is that they work,
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yield accurate estimates of the physical properties of the stars.
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To summarize, we model the observed SEDs of reddened
near-main-sequence B stars by treating equation (10) as a non-
linear least-squares minimization problem. As a result, we can

Fig. 2.—Flexible, parametrized representation of the IR through UV extinc-
tion curve. The curve consists of two parts: (1) the UV (i.e., k ' 2700 8; solid
curve) for which we adopt the three-component parameterization scheme of FM90
and (2) the optical through IR (i.e., k > 2700 8; dashed curve) for which we
adopt a cubic spline interpolation through sets of IR (I1, I2, I3, I4), optical (O1,O2,
O3, O4), and UV (U1, U2) ‘‘anchor points.’’ The values of the anchor points and
the six parameters describing the UV portion of the curve are determined by
fitting the observed SED of a reddened star, as described in x 3. The dotted line
shows the ‘‘linear component’’ of the UV extinction curve. The other two com-
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centered at k"1 ’ 4:6 "m"1 and the far-UV rise, which refers to the departure of
the curve from the extrapolation of the linear component at very short wave-
lengths. See the discussion in x 3.2. The particular curve shown in this figure
corresponds to that derived in x 5.2 for the star HD 147933.

EXTINCTION WITHOUT STANDARDS 1131No. 3, 2005

Fig. 4.1. Normalized extinction curves for stars as labeled.

Fig. Set 4.—Normalized extinction curves for 328 Galactic stars derived using the extinction-without-standards approach (only the first panel, showing the curves
for 10 stars, is given here). The symbols show the normalized ratios of the model atmosphere fluxes to (1) the IUE spectrophotometry in the UV (k!1 > 3:3 !m!1),
(2) JohnsonUBV photometry in the optical, and (3) Johnson or 2MASS JHK photometry in the near-IR (k!1 < 1 !m!1). Individual 1 " error bars are shown for the data
points, but are typically only visible in the region of the 21758 bump and in the far-UV, where the signal level of the IUE data is lowest. Small crosses indicate IUE data
points excluded from the fit, for the reasons discussed in Paper IV. IUE data points in the region 1215 8 " k " 1235 8 are excluded due to contamination from scattered
solar Ly# photons. The solid curves are the parameterized fits to the data as determined by the SED-fitting procedure discussed in x 3, and the shaded regions show the 1 "
uncertainty in the curves, based on Monte Carlo simulations. For comparison, the dash-dotted curves show an estimate of the average Galactic extinction curve from F99
[corresponding to R(V ) ¼ 3:1]. [See the electronic edition of the Journal for Figs. 4.2Y4.33.]
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Aλ	
  =	
  log	
  (N0/N)/bλ	
  



AVERAGE	
  ANUV	
  per	
  GALEX	
  AIS	
  8le	
  

	
  



AVERAGE	
  ANUV/AK	
  per	
  GALEX	
  AIS	
  8le	
  

	
  

•  There	
  are	
  significant	
  varia8ons	
  in	
  the	
  ANUV/AK	
  ra8o	
  over	
  the	
  cloud	
  
•  The	
  ANUV/AK	
  ra8o	
  depends	
  on	
  the	
  filling	
  factor	
  of	
  the	
  cloud	
  material	
  in	
  

the	
  GALEX	
  field	
  
•  (ANUV-­‐AK)/E(B-­‐V)	
  will	
  not	
  depend	
  on	
  the	
  filling	
  factor	
  -­‐	
  OPTIMAL	
  	
  
	
  
	
  




