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~ 1/3" of disk is missing!




3D Dust Mapping Scheme: Star Reddenings

[Not to scale]




Comparing Dust Maps

IRAS + DIRBE
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Comparing Dust Maps

IRAS + DIRBE CEED
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Comparing Dust Maps

IRAS + DIRBE Bayestar19
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Comparing Dust Maps

Planck GNILC Bayestar19
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Comparing Dust Maps

Herschel/SPIRE Bayestar19
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Comparing Dust Maps

Herschel/SPIRE DECaPS
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But wait, DECaPS is 3D!

Herschel/SPIRE Distance: 7.08 kpc
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What is DECaPS2?

{|—— Pan-STARRS1

DES (DR2)

Legacy Survey (DR9)
VWV

UKIDSS GPS
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Optical-NIR Survey of Galactic Plane
5 photometric bands (grizY) using DECam
6.5% sky (2700 deg?) Photometric depth (23.5, 22.6, 22.1, 21.6, 20.8 AB mag)
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What is DECaPS2?
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How do we separate the background?

Focus on r-band image of HIl Region (CED 116)

Zoom-0Out Image (zrg=RGB)

Moving
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Most photometric pipelines use locally smooth backgrounds on scales >> PSF




What is the impact of background mismodeling?

Spatially-correlated bias in flux and flux uncertainty poisons downstream analysis

Residuals (ADU/10)
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“Conventional” photometric solution from crowdsource




Correcting Flux and Flux Uncertainties

Significantly reduces correlation between photometry and filament structure

Infilling Z-Score
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Correction by background interpolation CloudCovErr.jl




How many sources in the catalog?

No pointing boundaries apparent!
NGC 3201

r-band Source Density (deg~2)
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NGC 6388 (One of the) Largest Photometric Catalogues (# objects)
3.32 Billion Sources
34 Billion Detections

NIR reaches further into Galactic Disk




Where are our stars?

Counts

Xmatch: DECaPS2 + VVV + 2MASS + unWISE + Gaia © 1?° 10! 10° _1.0_____
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A complete view of 3D dust to 10 kpc
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Top Down Comparison

DECaPS2/PS1 + VVV + 2MASS + WISE + Gaia © Gaia + 2MASS + (APOGEE+GALAH+LAMOST+RAVE)
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Plane of Sky Slices

0.06 kpc =d <0.50 kpc




What’s next? DIB kinematics!

static

[Not to scale]




Complexity of Interstellar Dust
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goECam: CCDIS8 | - w A ' = _ . Lobster Nebula (NG 6357);




How can we fix the photometric catalogue?

COUNTS

= TRUE BACKGROUND
TRUE BACKGROUND + STAR

POSITION
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How can we fix the photometric catalogue?
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How can we fix the photometric catalogue?

COUNTS

OVER
SUBTRACTION

__—'—,

= TRUE BACKGROUND
TRUE BACKGROUND + STAR
= FLAT BACKGROUND MODEL
== FLAT BACKGROUND + STAR MODEL

POSITION

All you need is the...

Mean Interpolated Background

RESIDUALS

MODEL RESIDUALS

INTERPOLATED
BACKGROUND

POSITION

H_ b b
= fres — fpred




A WISE Example: Pipe Nebula

Local Training Data Truth

36 42 48 54 60 66 72 78
MJy/sr

Train covariance matrix on local translations of subimage window




A WISE Example: Pipe Nebula

Local Training Data Truth Mask

use these pixels

to predict these pixels

ignore these pixels

36 42 48 54 60 66 72 78
MJy/sr

Make a guess for masked region conditional on the local background




A WISE Example: Pipe Nebula

Local Training Data Truth Mask Mean Prediction

36 42 48 54 60 66 72 78
MJy/sr

Reasonable guess given information we have




A WISE Example: Pipe Nebula

Local Training Data Truth Mask Mean Prediction
=3 - = -

| | (b I — | X - a . - - 5
36 42 48 54 60 66 72 78
MJy/sr

Further, the conditional covariance of the infill gives statistical draws




Robust to star-mask size

Local Training Data Truth Mask Mean Prediction

MJy/sr

Higher-Order
Even better feature interpolation with smaller mask  gyaistical Consistency




Does infilling improve photometry?

Sample 2D Residual Field

Conventional Z-Score
Infilling Z-Score

Z-Score

observed—true

Z-score =

reported error

600 625 650
Coordinate of Star




How many visits?

Photometric g-band Epochs ometric g-band Epochs
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Are the new error bars right?

Multiplicative Underestimation of Error (z-band)
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How much did the error bars change?

New Error Bar / Old Error Bar
1.4 1.6 1.8 2.0

=
=}

=
o
1

(9]
L

|
w
1

o
2
(]
©
>
=
B 0
-
(@]
-
@)
©
(0}
(O]

|

| 0 ~60 80 |~1'oo ~120
Galactic Longitude (£°)
Galactic Bulge

|
=
o
L

. Vela supernova remnant
Carina Nebula P

Afterburner for ANY pipeline outputting PSF and residuals




DIB Kinematic Precision

12C0O Composite Survey
~ 1.3 km/s Precision

Median Vp;g Error (km/s)

15
DIB SNR




Detecting Spiral Arms in DIBs

DIB Detection Density (pc™2)
107> 1074 1073 1072 1071

75 1
50 1
251

ii|

—25+

L™

w
~~
S
=3
>,
o
O
o
)
>
o
0
el
a
O

_50 J

_75 4

50 0 —50
Galactic Longitude (£ °)




Detecting Spiral Arms in DIBs

DIB Detection Density (pc™2)
107> 1074 1073 1072 1071

101

b

w
~~
S
=3
>,
o
O
o
)
>
o
0
el
a
O

50 0 —50 —100 —150
Galactic Longitude (£ °)




Detecting Spiral Arms in DIBs

DIB Detection Density (pc™2)
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Detecting Spiral Arms in DIBs

DIB Detection Density (pc™2)
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Detecting Spiral Arms in DIBs

Perseus

DIB Detection Density (pc™2)
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Detecting Spiral Arms in DIBs

Correspondence between DIB kinematic substructures and CO

DIB Detection Density (pc=2)
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