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Importance
üGreat	tracer	of the	interstellar	medium	(ISM)	and	
star	formation	activity

üFor extragalactic objects :
extinction	and	reddening	for	UV	- NIR observations
contaminating emission in	the	IR-MM wavelengths

üOne	of	the	major	foregrounds	hampering	the study	
of	the	cosmic	microwave	background	(CMB).



BH dust map (Burstein	&	Heiles 1978 & 1982)

E(B-V) = -0.037 +0.357 *	10^-3 ( 1-0.097R) NHYD

HI column density

Related to gas to dust ratio
E(NHYD,R)

E(
B-
V)

Square: globular cluster
Stars: RR Lyrae stars

Method:
HI/galaxy counts (HI/GC)
0.1mag in E(B-V) or 10%

Predict line-of
sight reddening



SFD dust map : full	sky	100μm	map	
(composite	of the	COBE/DIRBE	and	IRAS/ISSA	maps)

Schlegel,	Finkbeiner&	Davis	(1998)



Annual	average	DIRBE	maps
(solar	elongation	e	<	80◦)

zodiacal	light	removal (DIRBE	25μm	map)

Combine IRAS	and	DIRBE	100μm	maps

Removed stars	and	galaxies

Limiting	flux	: f60 =	0.6	Jy at	|b|	>	5◦
Lists	of	Galaxies	detected	by	
the	IRAS	satellite		readily	
available	from	the	literature.	

SFD dust map :Major steps

25μm	channel dominated	by	the	
IPD (inter-planetary	dust)

ü Assume IPD is	at	a	constant	temperature.	
ü Model zodiacal	comtaination at longer

wavelengths

Remove striping	artifacts	in	 IRAS/ISSA	
100μm	maps	

Remove asteroids	and	non-Gaussian	
noise	removed	

Dust map

Annual-average	25	and	100	μm skymaps from	the	41	weekly	maps	
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Annual	average	DIRBE	maps
(solar	elongation	e	<	80◦)

Annual-average	25	and	100	μm skymaps from	the	41	weekly	maps	
512 pixels	from	b(galactic	latitude) =	0◦ to	b	=	90◦ (0.0250	square	
degrees/pixel)

SFD dust map :Major steps
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Annual	average	DIRBE	maps
(solar	elongation	e	<	80◦)

zodiacal	light	removal (DIRBE	25μm	map)

Annual-average	25	and	100	μm skymaps from	the	41	weekly	maps	

ü Fittingblackbody	functions	from	12	to	60	
um

ü Color	temperature	does	not	vary	by	more	
than	10% from	ecliptic	equator	to	the
poles	

ü Assume IPD is	at	a	constant	temperature.	
ü Model zodiacal	contaminationat longer

wavelengths

SFD dust map :Major steps

IPD	(inter-planetary	dust):
zodiacal	emission	from	
dust	in	the solar	system

25μm	channel
dominated	by	the	IPD
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(solar	elongation	e	<	80◦)
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Annual	average	DIRBE	maps
(solar	elongation	e	<	80◦)

zodiacal	light	removal (DIRBE	25μm	map)

Combine IRAS	and	DIRBE	100μm	maps

Striping	artifacts	in	the	IRAS/ISSA	
100μm	maps	removed (a	Fourier-
space filtering	algorithm)

Asteroids	and	non-Gaussian	noise	
removed	from	the	IRAS/ISSA	(a
deglitching	algorithm	that	compared	
multiple	scans)

SFD dust map :Major steps

25μm	channel dominated	by	the	
IPD (inter-planetary	dust)

ü Assume IPD is	at	a	constant	temperature.	
ü Model zodiacal	comtaination at longer
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Annual	average	DIRBE	maps
(solar	elongation	e	<	80◦)

zodiacal	light	removal (DIRBE	25μm	map)

Combine IRAS	and	DIRBE	100μm	maps

Removed stars	and	galaxies

Limiting	flux	: f60 =	0.6	Jy at	|b|	>	5◦
Lists	of	Galaxies	detected	by	
the	IRAS	satellite		readily	
available	from	the	literature.	

SFD dust map :Major steps

25μm	channel dominated	by	the	
IPD (inter-planetary	dust)

ü Assume IPD is	at	a	constant	temperature.	
ü Model zodiacal	comtaination at longer

wavelengths

Remove striping	artifacts	in	 IRAS/ISSA	
100μm	maps	

Remove asteroids	and	non-Gaussian	
noise	removed	 from	the

Dust map

Annual-average	25	and	100	μm skymaps from	the	41	weekly	maps	



Ø Assume	a	standard	reddening	law :

Ø Use the	colors	of	elliptical	galaxies	to	measure	the	
reddening	per	unit	flux	density of	100μm	emission.

The	normalization	of	the	dust	column	density	to	reddening	has	
a	formal	uncertainty of	10%.

Galactic	Reddening (SFD map)

ü (B−R)	color distribution	of 106	brightest	cluster	ellipticals
ü (B−V	)	& Mg	line-strength	measurements of 384	ellipticals

Dust column densitycalibration	coefficient temperature-correction	map

corrected IRAS 100μm flux
T0=18.2K



Using	the	Maps	to	Measure	Galactic	Reddening

• This	service	gives	the	Galactic	dust	reddening	for	a	
line	of	sight,	returning	a	reddening	map,	the	
corresponding	100	micron	intensity,	and	dust	
temperature,	along	with	statistics	for	each.	The	
total	Galactic	visual	extinction	is	estimated	and,	in	
Single	Location	mode,	extinctions	at	multiple	
wavelengths	are	estimated.	The	reddening	
estimates	are	from	Schlegel,	Finkbeiner &	Davis	
(1998),	who	combined	results	of	IRAS	and	
COBE/DIRBE.

http://irsa.ipac.caltech.edu/applications/DUST/
http://w.astro.berkeley.edu/~marc/dust/



Using	the	Maps	to	Measure	Galactic	Reddening
http://irsa.ipac.caltech.edu/applications/DUST/

http://w.astro.berkeley.edu/~marc/dust/



Using	the	Maps	to	Measure	Galactic	Reddening
http://irsa.ipac.caltech.edu/applications/DUST/

http://w.astro.berkeley.edu/~marc/dust/



K.	Z.	Stanek (CfA)1998 :
TEST SFD reddening	map	(110 |b|>5° Galactic	globular	clusters)
• Good	agreement	-- |b|>20°
• Fair	overall	agreement	-- 20° >|b|>5° (Several	significant	
deviations)

• Overestimates	the	reddening	in	some	large	extinction	regions

Other progress

δE(B − V ) = E(B − V )SFD − E(B − V )H

Larger symbols :clusters with |b| > 20°



Other progress
Udalski, A. 2003:
Trace	interstellar	extinction
• MIand	V-I color	(red	clump	stars	of 4 small	regions	of	the	
Galactic	bulge)

• RVI (ratio	of	the	total	to	selective	absorption) much	smaller	
toward	the	Galactic	bulge	than	3.1 (standard	extinction	curve)



Planck	Collaboration 2014

E(B-V)SFD	= 0.92 E(B - V)xgal – 0.003

Other progress

vBased on the thermal dust 
radiance, instead of the dust 
optical depth

vCalibrated to E(B-V) using 
colour excess measurements 
of quasars deduced from 
SDSS data.

Like	Schlegel	et	al.	(1998)	

SF
D

Plank



Application : Fermi bubble

Although	 not	apparent	in	an	all-sky	gamma-ray	
map (upper	panel), the	dumbbell-shaped	
feature	became	evident	after	removing	other	
sources (lower	panel).	

The	Fermi	bubbles	 are	two	large	structures	in	
gamma-rays	above	and	below	the	Galactic	
center.

Use the SFD dust map as a template of the 
π0 gamma foreground.

At low (∼ 1 GeV) energies, and close to the 
Galactic plane, the gamma-rays observed by 
Fermi  are dominated by photons from the 
decay of π0 particles



Summary
q Galactic Dust Map is very important to almost

every astronomers.
q People has constructed	a	full-sky	map	of	the	

Galactic	dust	based	upon	its	far-infrared emission.
q This	dust	map	is	normalized	to E(B−V	)	reddening	

using	the	colors	of	background galaxies.
q The	final	maps	have	a	high	spatial	resolution,	and	

are	shown	to	predict	reddening	with an	accuracy	
of	~10%.

q There also exist some problems in Galactic center and
some large extinction regions.



Estimating	E(B	- V)	from	colour
excess	measurements

Multi-colour SDSS	measurements	of	quasars

Use the Hi column density provided in the SDSS quasar catalogue as 
a proxy:



Temperature-correction	factor: X
B(T) is the Planck function

DIRBE 100μm/240μm ratio

emissivity model :

Ib is the actual intensity at the frequency b



BH dust map (1982)

• The	intrinsic	colors	of	stars	as	determined	by	
intermediate-band	photometric	systems,	chiefly	
the	uvbyß system

• The	intrinsic	relationship	between	absorption	line	
strength	and	color	for	the	integrated	spectra	of	old	
extragalactic	stellar	populations.	

• We	conclude	that	a	reasonable	estimate of the
relative accuracy of the Hi/GC method is
0.01maginE(B—V) or 10% of the	reddening

Hi 21cm line emssion


