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Toomre & Toomre: Galactic Bridges and Tails (1971-1973)




UGC1382: DSS (E)

u. ~ 24 mag arcsec’



UGC1382: SDSS (E? SO?)

M, ~ 26.5 mag arcsec™



UGC1382: A Giant Low Surface Brlghtness Splral Galaxy
Hagen et al (2016)
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UGC11859: An'apparently symmetric ultra-thin isolated galaxy ...

“Beautiful needle” (Karachentseva 1973)
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OssasFuentes, Borlaff, Beckman et al. 2023 (accepted for publication in ApJ)
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Correction of low surface brightness gradients in JWST
Montes & Trujillo (2022)

Figure 6. Left panel: RGB color-composite image using the original calibrated coadds of the long-wavelength channels. Right panel: RGB color-composite image
using the rereduced coadd images created in this work. Note the huge improvement of correcting the strong light gradient toward the east side on the NIRCam.



In theory: Montes & Trujillo
M. ~ 31.2 mag arcsec™

Table 1
Summary of the NIRCam Observations Used in This Work

Filter Channel Exp. Time Surface Brightness Limits®
(s) (mag arcsec?)

F27TW Long 7537.2 31.28
F356W Long 75372 31.32
F444W Long 75372 31.10

Note.

? The surface brightness limits correspond to a sky fluctuation of 3¢ in an area

of 10 x 10 arcsec?.

But in practice, residual gradients dominate
While the above limiting surface brightnesses are represen-

I ,uF444w ~ 28 mag arcsec ~IIn Figure 2, the surface brightness

profiles are “shown down to fipsaaw ~ 28 magarcsec >

(~350 kpc).
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HST/WFPC2
PID: 6295

The PSF allows to
measure the light
Saturn  received by a pixel from a
>, source inside the FOV

- ~
\

Titan Ml ' N /,' The NDI (normalized
o -~ detector irradiance) tell us
how much light a pixel

receives from a source
outside the FOV

We can model and correct
stray-light gradients.



Principle #1: You can’t subtract the background if the source gets comparable to the FOV *
*Not really - but it is very hard

Background model

Reality

Science exposure

Systematic gradient

e

i

Depth is critically defined by our
ability to separate systematics
from real sources of light

hversubtracted iﬂaA
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The missing light of the
Hubble Ultra Deep Field

ABYSS HUDF (Borlaff et al. 2019)

Improving old Hubble mosaics by
using better sky-calibration



Deep imaging is a problem of dissecting layers of light

Galaxies, cirrus, zodiacal light, stray-light...
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Dark side Bright side

~ ~ 15 mag arcsec™ 'v’:s L 3.5 mag arcsec™
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| ST R AYCO “Stray-light background correctlon for HST ACS and WFC3
_ AL I NS Cycle 30: Hubble Archival Research project 17041 -

Dark side of Earth |IIum|nated byfuII moon eSS : - : P| A Borlaf'f P Marcum
|.I||m—175mag/arcsec - : e g Be:

Borlaff et al. 2022: Stray-llght background from just stars and :
planets ~ plim =26 mag/arcsec

STSCI | Sence mstmure



Zodiacal background

HST/ACS PID: 10188
g Gunagala (Caddy et al. 2022)
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In-orbit calibration of HST/ACS stray-light blocking
HSTS PID: 984 . . Borlaff et al. in prep.




Predicting stray-light using ESA/Gaia & NDI/PSF
Borlaff et al. 2022 - A&A

. Euclid/VIS stray-light background
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JWST/NIRCam

0.16 x 0.16
deg?

R ~ 0.03 arcsec |

Roman/WFI

0.8 x 0.4 deg?

R ~ 0.11 arcsec

HST/ACS

0.056 x 0.056
deg?

R ~ 0.03 arcsec



Roman/WFl 0.8 x 0.4 deg? R ~0.11 arcsec

JWST/NIRCam HST/ACS
0.16 x 0.16 0.056 x 0.056
deg? deg?

R ~ 0.03 arcsec |
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Euclid/VIS -0.78 x 0.7 deg® - R ~ 0.1 arcsec

R ~ 0.03 arcsec
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ROman Sky Analyst for LSB Imaging & Astronomy ng’ﬂis,’\lgogg _

In evaluation

STRAYCOR:
ROSALIA




. Stephan’s Quintet and NGC7331
i Deér Lick Group:-'.',(SDS'S)

@ Surface brughtness magmtude llmlt:
e (g band) A
26 5 mag arcsec
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Conclusions

1 - New image reductions keep improving Hubble Archive
Unexplored extended z~1 stellar halos in the ABYSS Ultra Deep field

STRAYCOR HST AR project starting now!
STRAYCOR ROSALIA/Roman: Waiting for evaluation!

2 - Deep, Wide, and sharp (Euclid, Roman) surveys are coming
We must get ready before being buried in data

3 - An absolute calibration of the sky-background is the next challenge of LSB studies
Understanding foregrounds is the key to bring low surface brightness Universe to light

a.s.borlaff@nasa.gov




Why should we go to space for LSB?

1) Better sensitivity

2) Access to other wavelengths

3) Better resolution
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Illustris simulation Deep Fields Slmulated image F850LP Noiseless image
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49 Beyond optical: Hot gas X-ray galactic halos with Chandra
e o Cycle 24: Chandra Archival Research project 24610329
X Pl: A. Borlaff, P. Marcum

Chandra/ACIS

NGC3256

Optical imaging X-ray imaging



Black Marble project - Earth Observation




' Anfounced in Nov, 2nd, 2022!
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STS-125 (14/04/2009)

Astronaut Andrew Festel on EVA
while installing WFC3 on the
Hubble Space Telescope




Flat fielding — Why time dependent?

Space is a hard place to live: Micrometeoroids & space debris
PNE = orlafferal, 20197
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Flat fielding — Why time dependent? 40

Space is a hard place to live: Micrometeoroids & space debris
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Water ice contammatlon and moLecular outgassmgw

spacecraft before Iaunch




Exploring the low surface brightness Universe with Eucli

Alejandro S. Borlaff 12, Pedro Goméz-Alvarez 2, Bruno Altieri 2, Roland Vavrek 2,
Pamela M. Marcum %, René Laureijs 3, Ralf Kohley ? et al. 2021
1) NASA ARC, 2) ESA/ESAC, 3)ESA/ESTEC

24 g ABYSS HUDF - Borlaff4+19 Expected Euclid depths .
NGC4565 / Dragonfly - van Gilhuly+20 2
¥V  Virgo Cluster - Mihos+17 (30.9 1OX10 arcsec )
@ UGC00180 / GTC - Trujillo+16
X  XDF lllingworth413 .
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< Euclid Wide Survey 2
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3} STSS H (40 deQZ)
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Automated PSF
subtraction of
in-FOV stars for
Euclid

Gnuastro
Akhlaghi & Ichiwaka
(2015)

Infante-Sainz et al.
(2020)

+

Euclid WP-DIF
PSF paper (in prep.)

Courtesy of S. Eskandarlou, R. Infante-Sainz, and M. Akhlaghi



Galaxies are like icebergs and what is seen above the sky background may be no reliable measure of what
lies underneath - Michael Disney, 1976

NGCC3628 - Hanson Astronomy Photos
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Bilek et'al. (2022)
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http://adsabs.harvard.edu/abs/2014arXiv1403.3689S

HST/ACS COSMOS 3D-HST Skelton et al. (2014) Improved pipeline (Borlaff et al. in prep)



http://adsabs.harvard.edu/abs/2014arXiv1403.3689S

How to remove tourists from your images Single image

Credit: Photoshop Training Chan



How to remove tourists from your images 15x averaged images
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Euclid Collaboration XVI -
A. S. Borlaff et al. 2022

Zodiacal background
emission is enough to
calibrate Euclid/VIS
flat-field every 10
days over scales > 0.5
arcsec?

Euclid can
flat-calibrate itself
using the Zodiacal
light

lce-contamination!
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