
S
. J

. G
ib

so
n

1, A
. C

. B
ell 1

,2, J
. H

. N
ew

to
n

1
,3, W

. S
. H

o
w

a
rd

4, C
. S

. J
o
lly

1
,5, M

. E
. S

p
ra

g
g
s

1
,5, J

. M
. H

u
g
h

es
1

,5, C
. M

. B
ru

n
t
6, A

. R
. T

a
y
lo

r
7,

A
. N

o
rieg

a
-C

resp
o

8, W
. T

. R
ea

ch
8, S

. C
a
rey

8, B
-C

. K
o
o

9, G
. P

a
rk

9, T
. D

a
m

e
1

0, IG
P

S
 C

o
n

so
rtiu

m
, I-G

A
L

F
A

 C
o
n

so
rtiu

m

1W
estern

 K
en

tu
ck

y U
., 2U

. T
o

k
yo

, 3M
cM

a
ster U

., 4U
n

io
n

 U
., 5C

. M
. G

a
tto

n
 A

ca
d

., 6E
x

eter U
., 7U

. C
a

lg
a

ry, 8IP
A

C
, 9S

eo
u

l N
a

t. U
., 1

0H
a

rva
rd

-C
fA

F
ig

u
re 3

. P
ro

m
in

en
t d

ark
-g

as filam
en

t in
 A

recib
o

 n
arro

w
-lin

e H
 I

em
issio

n
 (N

H
IE

; left p
an

els) an
d

 IR
IS

 1
0

0
µ

m
 d

u
st (u

p
p

er rig
h

t;

M
iv

ille-D
esch

en
es &

 L
ag

ach
e 2

0
0

6
), w

ith
 little o

r n
o

 C
fA

 1
2C

O

1
-0

 em
issio

n
 (lo

w
er rig

h
t; D

am
e, p

riv
ate co

m
m

.); th
e co

n
to

u
r is

T
B (H

 I) =
 2

0
 K

. N
H

I (! <
<

 1
) ~

 8
x

1
0

1
9 cm

-2, w
h

ile m
u

ltip
ly

in
g

 th
e

O
N

-O
F

F
 1

0
0
µ

m
 in

ten
sity

 b
y

 1
x

1
0

2
0 cm

-2 / M
Jy

/sr (R
each

 et al.

1
9

9
4

) y
ield

s N
H
(d

u
st) ~

 5
x

1
0

2
0
 cm

-2, n
ear th

e 1
2C

O
 self-sh

ield
in

g

lim
it b

u
t ab

o
v

e th
at fo

r d
ark

 H
2  (S

n
o

w
 &

 M
cC

all 2
0

0
6

).

F
o
r m

o
re in

fo
rm

a
tio

n
, see p

h
y
sics.w

k
u

.ed
u

/~
g
ib

so
n

U
.S

. fu
n

d
in

g
 su

p
p

o
rt p

ro
v

id
ed

 b
y

 N
S

F
, N

A
S

A
, W

K
U

, a
n

d
 th

e
 G

a
tto

n
 A

ca
d

em
y

.

F
ig

u
re 1

. H
ig

h
-reso

lu
tio

n
 2

1
cm

 H
 I an

d
 2

.6
m

m
 C

O
 su

rv
ey

 co
v

erag
e

o
n

 th
e sk

y
 (ab

o
v

e; L
A

B
 H

 I im
ag

e, K
alb

erla et al. 2
0

0
5

) an
d

 in
 th

e

G
alactic d

isk
 (ab

o
v

e rig
h

t; sp
iral arm

 m
o

d
el fro

m
 T

ay
lo

r &
 C

o
rd

es

1
9

9
3

).  A
recib

o
 is w

ell su
ited

 to
 fain

t, h
ig

h
 latitu

d
e em

issio
n

 stu
d

ies,

w
h

ile th
e C

G
P

S
, V

G
P

S
, an

d
 S

G
P

S
 are ex

cellen
t fo

r sm
all-scale,

lo
w

-latitu
d

e ab
so

rp
tio

n
.  T

h
e g

rid
 is J2

0
0

0
 co

o
rd

in
ates.

F
ig

u
re 2

. H
 I em

issio
n

 k
n

o
ts an

d
 filam

en
ts ex

ten
d

in
g

 >
 5

0
0

 p
c

o
ff th

e p
lan

e (I-G
A

L
F

A
 4

’ b
eam

 su
rv

ey
; G

ib
so

n
 et al. 2

0
1

2
).

M
an

y
 o

f th
ese featu

res are co
ld

 an
d

 m
ay

 co
n

tain
 ``d

ark
’’ g

as --

eith
er o

p
aq

u
e H

 I o
r C

O
-free H

2 .  F
ar-IR

 d
u

st p
h

o
to

m
etry

 is

cru
cial fo

r th
is in

v
estig

atio
n

, ju
st as H

 I an
d

 C
O

 sp
ectral lin

e

im
ag

e cu
b

es can
 g

reatly
 aid

 IS
M

 d
u

st stu
d

ies.

F
ig

u
re 4

. H
 I self-ab

so
rp

tio
n

 (H
IS

A
) ag

ain
st w

arm
er b

ack
g

ro
u

n
d

 H
 I em

issio
n

 (sk
etch

)

arises fro
m

 ato
m

ic g
as th

at is to
o

 co
ld

 to
 ex

p
lain

 easily
 if it is n

o
t o

u
tsid

e m
o

lecu
lar

clo
u

d
s (W

o
lfire et al. 2

0
0

3
), an

d
 y

et H
IS

A
 sh

ad
o

w
s o

ften
 ap

p
ear sep

arate fro
m

 C
O

em
issio

n
, p

articu
larly

 in
 th

e o
u

ter G
alax

y
.  T

h
e p

an
els ab

o
v

e sh
o

w
 1

’ b
eam

 C
G

P
S

 H
 I

(b
lu

e; T
ay

lo
r et al. 2

0
0

3
) an

d
 O

G
S

 1
2C

O
 1

-0
 (m

ag
en

ta; H
ey

er et al. 1
9

9
8

).  T
h

e clo
u

d
s

sh
o

w
n

 are ~
 2

 k
p

c aw
ay

 in
 th

e P
erseu

s arm
, w

h
ere th

ey
 m

ay
 b

e fo
rm

in
g

 H
2  an

d
 C

O

d
o

w
n

stream
 o

f th
e sp

iral sh
o

ck
 b

efo
re fo

rm
in

g
 n

ew
 stars (G

ib
so

n
 et al. 2

0
0

5
).

F
ig

u
re 5

. W
e h

av
e ex

tracted
 H

IS
A

 O
N

-O
F

F
 b

rig
h

tn
ess d

ifferen
ce m

ap
s (to

p
 left p

an
el

b
elo

w
; H

IS
A

 co
n

to
u

r in
 all m

ap
s) an

d
 h

av
e an

aly
zed

 th
eir p

ro
p

erties u
sin

g
 sim

p
le p

h
y

sical

relatio
n

sh
ip

s (G
ib

so
n

 et al. 2
0

0
0

).  W
e fin

d
 tem

p
eratu

res lik
e th

o
se o

f ty
p

ical co
ld

 ato
m

ic

o
r m

o
lecu

lar g
as, d

ep
en

d
in

g
 o

n
 th

e H
IS

A
 p

artial p
ressu

re (to
p

 rig
h

t).  W
e also

 o
b

tain
ed

N
H

2 (C
O

) fro
m

 th
e lin

e in
teg

ral (to
p

 cen
ter) u

sin
g

 an
 em

p
irical facto

r X
C

O
 =

 1
.0

x
1

0
2
0 cm

-2 /

(K
 k

m
/s) an

d
 N

H
(d

u
st) fro

m
 I

1
0
0
 (cen

ter left) as in
 F

ig
u

re 3
.  W

h
en

 co
lu

m
n

 d
en

sities o
f

H
IS

A
, H

 I em
issio

n
, an

d
 C

O
 are all su

b
tracted

 fro
m

 th
e scaled

 d
u

st co
lu

m
n

 (cen
ter),

resid
u

als are n
ear zero

 in
 th

e C
O

 clo
u

d
 co

res, b
u

t sig
n

ifican
t IR

 ex
cess ap

p
ears in

 m
an

y

areas, e.g
., n

ear l,b
 =

 1
3

9
.9

o, +
1

.4
o.  W

e are p
u

rsu
in

g
 m

o
re so

p
h

isticated
 S

E
D

 fits o
f

S
p

itzer d
ata (b

o
tto

m
 8

 +
 2

4
µ

m
 p

an
els, rig

h
t p

lo
ts) w

ith
 D

u
stE

M
 (C

o
m

p
ieg

n
e et al. 2

0
1

1
).

F
ig

u
re 6

. W
e h

av
e m

ap
p

ed
 H

IS
A

 in
 th

e C
G

P
S

, V
G

P
S

, an
d

 S
G

P
S

,

w
h

ere it is w
id

esp
read

 (to
p

; G
ib

so
n

 2
0

1
0

; g
reen

 co
n

to
u

r is search

reg
io

n
).  H

IS
A

 traces sp
iral arm

s in
 th

e o
u

ter G
alax

y
 an

d
 tan

g
en

t p
o

in
ts

in
 th

e in
n

er G
alax

y
, w

h
ere arm

 stru
ctu

re is h
ard

 to
 d

istin
g

u
ish

 (ab
o

v
e).

C
fA

 C
O

 (m
ag

en
ta; D

am
e et al. 2

0
0

1
) m

atch
es H

IS
A

 p
o

o
rly

 in
 th

e o
u

ter

G
alax

y
 an

d
 b

etter in
 th

e in
n

er G
alax

y
, as b

o
rn

e o
u

t b
y

 th
e fractio

n
 o

f

H
IS

A
 p

ix
els co

n
tain

in
g

 C
O

 v
s. lo

n
g

itu
d

e (b
elo

w
).  H

o
w

ev
er, th

is is

p
artly

 d
u

e to
 ran

d
o

m
 alig

n
m

en
ts, w

h
ich

 are m
o

re lik
ely

  in
 th

e in
n

er

G
alax

y
 w

h
ere b

o
th

 C
O

 an
d

 H
IS

A
 are m

o
re ab

u
n

d
an

t; su
b

tractin
g

 su
ch

ex
p

ected
 co

in
cid

en
ces (b

o
tto

m
) leav

es m
o

st H
IS

A
 C

O
-free, “d

ark
” g

as.

M
a
p

p
in

g
 D

a
rk

 A
to

m
ic a

n
d

 M
o
lecu

la
r G

a
s in

 th
e G

a
la

x
y

R
eferen

ces

C
o

m
p

ieg
n

e, M
., et al. 2

0
1

1
, A

&
A

, 5
2

5
, 1

0
3

D
am

e, T
. M

., et al. 2
0

0
1

, A
p

J, 5
4

7
, 7

9
2

G
ib

so
n

, S
. J. 2

0
1

0
, A

S
P

C
, 4

3
8

, 1
1

1

G
ib

so
n

. S
. J., et al. 2

0
1

2
, A

A
S

, 2
1

9
, 3

4
9

.2
9

G
ib

so
n

, S
. J., et al. 2

0
0

5
, A

p
J 6

2
6

, 1
9

5

G
ib

so
n

, S
. J., et al. 2

0
0

0
, A

p
J, 5

4
0

, 8
5

1

H
ey

er, M
. H

., et al. 1
9

9
8

, A
p

JS
, 1

1
5

, 2
4

1

K
alb

erla, P
. M

. W
., et al. 2

0
0

5
, A

&
A

, 4
4

0
, 7

7
5

M
iv

ille-D
esch

en
es, M

.-A
., &

 L
ag

ach
e, G

. 2
0

0
5

, A
p

JS
, 1

5
7

, 3
0

2

R
each

, W
. T

., K
o

o
, B

.-C
., &

 H
eiles, C

. 1
9

9
4

, A
p

J, 4
2

9
, 6

7
2

S
n

o
w

, T
. W

., &
 M

cC
all, B

. J. 2
0

0
6

, A
R

A
&

A
, 4

4
, 3

6
7

T
ay

lo
r, A

. R
., et al. 2

0
0

3
, A

J, 1
2

5
, 3

1
4

5

T
ay

lo
r J. H

., &
 C

o
rd

es, J. M
. 1

9
9

3
, A

p
J, 4

1
1

, 6
7

4

W
o

lfire. M
. G

., et al. 2
0

0
3

, A
p

J, 5
8

7
, 2

7
8

                              
       

       

                         
            


