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Background



JWST

% Infrared Space Telescope

* Why Infrared?
o Redshift
o Dust Extinction
* Why Space?
o Earth’s atmosphere is
opaqgue in the infrared.
It glows.
o The atmosphere limits
angular resolution.




NASA = R. Hurt

% Barred spiral galaxy

% The Galaxy has
several spiral arms

% Atits centeris the
Central Molecular
Zone (CM2)



NGC 4394

Barred Spiral
Galaxies

*

Instead of a spherical
ravitational potential
?ie. the Sun), barred
galaxies have a central
bar-shaped potential.
This causes exotic,
non-elliptical orbits along
the length and
perpendicular to the bar.



DustLanes

% Dust/"Bar” lanes feed
the CMZ material
through huge streams
of gas and dust.

% As gas encounters the
cusped ends of
elongated bar orbits,
it stalls and falls
inward toward the
Galactic Center.
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Two spiral arms
(Sofue 1995 , Sawada 2004, Ridlay t al. 2017)

50/20 Closed efliptical orbit
clouds (Molinari et al. 2011)

{Kruijssen, Dale & Longmore 2015)
Open stream(s)

Gas and dust orbiting the
Galactic Center, Sgr A*

Gas is warm (~50 K) and
turbulent
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Observation
S




The Milky Way's Spitzer
Central Molecular
Zone



The Milky Way's
Central Molecular
Zone
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CMZ:Dust Ridge - JWST
Observations



Ginsburg et al 2023




Gramze et al 2025

Filament

Cloud D (3 kpc arm)



Wherein the
Galaxy are we
Looking?

CMZ [ Dust Ridge

Filoment

The Sun

NASA - R. Hurt



% Dust blocks shorter
wavelengths of light.

% Only redder light gets
through.




Why are the stars behind the
clouds blue, not red?




Dust Grain — CO -
‘ } Interstellar

_—

ices
H,0 — * When gas gets cold
and dense, molecules
such as CO freeze

onto dust grains
| L Icy Mantle o Infrared dark clouds

T COz % This ice has an effect
on near-infrared light
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Interstellar
Ices

% Absorption features
for these ices appear
in the near-infrared.

* JWST is sensitive to
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Icy Dust
Grain
Chemistry

* The formation of
large, organic
Mmolecules occurs on
the surfaces of icy
dust grains.

* These molecules are
the building blocks of
life.
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How do we measure how much
iceisinacloud?
Its column density?



How do we measureice column
density?

Star









How do we measureice column
density?

Ilcy Grains in a Cloud



Kere* N(ice)]

Kefr [T

How do we measure ice column

- ®
—— Gerakines+ 2023 CO 25K nSItY?
e * F466N is heavily impacted by
—— Novozamsky+ OCN- 1 12K ice absorption by CO ice
 Fa10m.. Fason] < o H20 qnd OCN- ice
s JFaosn contribute
: ﬁ : 04 S Laboratory measurements of
6.5 ﬁg ice opacities in infrared
2 wavelengths
20 .A . la o How much ice is required
it : 0.1 to extinguish starlight to
L 00 what we observe?

3.8 4.0 4.2 4.4 4.6
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Ginsburg et al 2025



Why are the stars behind the
clouds blue, not red?




Blue=F405N, Red =F466N




F466Nis heavily impacted by
ice, F4O5Nis not




How do we measureice column

45
4.0
35S
—
30
w
25 1
20 5
0
15
w
1.0

00 05 10 15 20 25 30
F182M - F212N

F405N - F466N

1
}
1

4
|
1
i
}
}
)
1
)
1
1
1
1
1
1
1
1
1

. CO lce

00 05 10 15 20 25 3.0
F182M - F212N

Dust Extinctio’n

sity?

*

Select for stars behind the
ice-rich cloud impacted
by ice

Correct for dust extinction
using bands with no ice
absorption.

o Dust reddens starlight.
Measure impact of ice
absorption with
photometric colors

o FA05N-F466N



How do we measureice column
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* Multiple ice

species affect
FA66N

Assume that the
ice composition is
consistent across
environments

Use standard ice
composition to
measure column
for each species



Declination

How do we measureice column
density?

% Measure the ice

e Pasiy G column density
o 19.00 = s ety for each star
—28°37 ? —28°37 g W .
18.75 2 vAl behind the cloud
()
e 2 B * Interpolate
o ! E £ between the
o o, o
#2o 8 positions of each
18.00 g star
29' — 30 * Make a column
(@)] .
& W e density map
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N(CO Ice) [cm™2]

1019 1

The
Filament

* We measure the CO
ice column density
toward each red
clump star

B Filament
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N(CO Ice) [cm™2]

101? { == CO/H,=5x10"*

1018 |

100% of CO in ice

if
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Abundance

% Eachredlineisa
different CO
abundance

% Higher abundance =
more CO inice



N(CO Ice) [cm™2]
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Filameni
Chameleon
I

* Chameleon | = solar
neighborhood low
mass star forming
region

% Lower CO abundance
than the filament




N(CO Ice) [cm~2]
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The
Filament

* Removed extra points
for clarity



N(CO Ice) [cm~2]

1019 1

Filamentvs
dustridge

% The dustridge isin the
CMZ
% It has an even higher
el e ool CO abundance than
the filament!
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CO
Abundance
Increases as
Galactic
Radius
Decreases

NASA - R. Hurt
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% Shorthand for dust
extinction and CO ice
ratio

* [F466N] becomes
fainter as N(CO ice)
increases
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Comparing

Dust Ridge
Clouds
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Cloud C
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VariationinIndependent Data
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4 Gas

Metallicity,

But clouds in the same region of %e
Galaxy should have the same
metallicity, right?




Ice Jiv
Composition?

But why would the ice composition change
from cloud to cloud?




&
Chemical
History?

Could some clouds be chemically
altered or “older” relative to other
CMZ clouds?



HQO:CO:CO2 = 10:1:1 10:1:0.5

15:1:1

20:1:1

F405N - F466N

F182M - F212N

CO/H,=5x10"* 2.5x10™

11074

Modelingice

*

*

We can model the influence
of ice column on the
observed colors.

Two properties matter:
o CO abundance
o lce composition
These properties are
degenerate in this space,
overlapping models

Spectroscopy is needed



> o A7 A
< (8Y Qo o’ \:\
3 4 omo' 3 v O’L\\E\w\ * Filament
o © © (,0'('. 0" # Cloud C1
o O C O A0 cl
3 & 3 R UNY * oud C2
- : | — # Cloud D
: - : o i B Cloud B
I I I .8
: : } - * Filament Right
: CMZ : = + LeftCloud D
28 - : : : L - 0.9 Cloud C North
: : : : : #* Cloud C South
! : ! x z @ Brick North
v 20° | I I I N ® Brick South
g | | ) | I 0.8 L-—L' ® Brick Head
524 L : + [ | | T Brick South Fluff
= | ' | - N ® Brick North Fluff
22 - | | | | + | o7& | @ Brick SFR
| = : ¢ ® Brick SFR Wide
: I 4 ' I Brick Punch
20 | | I I I 3 :
= f 4 : b o Brick S Fore
N ! e : b 8 - 0.6 @ Brick N Clear
18 - I I ! 15 4 © BrickTop C
\ ; i I — 13 - COM2 = 1.6e-4

=12 =L.1 -1.0 -0.9 —0.8 -0.7 —0.6 -0.5 —== CO/H2 = 2.5e-4

/ 7\/ Slopes



What dominates
variationintheice to
dust ratio?

% Gas metallicity or ice composition.

% Future spectroscopic surveys are
needed toward the Galactic Center.

CREDITS: This presentation template was created by Slidesgo,
including icons by Flaticon, and infographics & images by Freepik
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ALTERNATIVE PREMIUM
RESOURCES




ALTERNATIVE PREMIUMICONS
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