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Published:


1. Sky-SB Measurements 

2. COB Measurements 

Not yet published:


3. A New Model of Zodiacal Light 

4. Refined Diffuse Galactic Light 
Measurements

My focus:  
The diffuse components 
of SKYSURF
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Project SKYSURF
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The Hubble Space Telescope

• SKYSURF-1 (Windhorst+2022)    - Survey Overview


• SKYSURF-2 (Carleton+2022)       - First COB Measurements


• SKYSURF-3 (Kramer+2022)         - Testing Crowded Fields for COB Measurements


• SKYSURF-4 (O’Brien+2023)       - Sky Measurements 

• SKYSURF-5 (Bhatia+2024)           - Cross matching with SDSS


• SKYSURF-6 (McIntyre+2024)     - Thermal Variations of Hubble 

• SKYSURF-10? (O’Brien+2025)   - Refined Zodiacal Light Model
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COB Prediction

COB Measurements

The Cosmic Optical Background - Today

Current COB measurements 
face limitations due to

• small number of fields,

• narrow wavelength coverage, 

• bright foregrounds, 

• low sensitivity, and 

• telescope systematics.
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Project SKYSURF
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The Hubble Space Telescope

PI: Prof. Rogier Windhorst (ASU)

Benefits:


• Extremely well calibrated instrument


• Thousands of independent areas of 
sky


• Broad wavelength coverage


• High resolution & sensitivity

Over 200,000 images


Wavelengths: 0.2 to 1.6 mμ
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Project SKYSURF
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The Hubble Space Telescope

PI: Prof. Rogier Windhorst (ASU)

Goals:


1. Measure the sky in all Hubble 
images


2. Retrieve COB signal by 
subtracting foregrounds

Over 200,000 images


Wavelengths: 0.2 to 1.6 mμ
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1. Measure the sky surface 
brightness (sky-SB)
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Over 200,000 images


Wavelengths: 0.2 to 1.6 mμ
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Image

What is the sky surface brightness (sky-SB)?
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Image

What is the sky surface brightness (sky-SB)?
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Sky-Surface Brightness (sky-SB)

Image Sky-SB

What is the sky surface brightness (sky-SB)?
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Sky-Surface Brightness (sky-SB)

Zodiacal Light - Light scattered 
by dust in our Solar System


Diffuse Galactic Light - Light 
scattered by Milky Way ISM 


COB/ EBL

Other

Image Sky-SB

What is the sky surface brightness (sky-SB)?
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+150,000 Public Sky-SB Measurements

<3% Uncertainties

Preliminary COB Measurements

Sky-SB Measurements

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu) 14

Real Hubble 
Images:

O’Brien et al. 2023
Sky-SB Measurements
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Our algorithm isolates 
most reliable part of the 
sky

Real Hubble 
Images:

SKYSURF 
Sky Maps:

O’Brien et al. 2023
Sky-SB Measurements

Used ProFound 
(Robotham et al. 2018) 
to create Sky maps

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu) 16

Sky-SB Measurements
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Hubble 1.1 m Sky Measurementμ

O’Brien et al. 2023

Zodiacal (Solar System) 
dust is the densest

Sky-SB Measurements
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O’Brien et al. 2023Sky-SB Measurements
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Thermal Emission Corrections
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Thermal Dark Signal is instrument 
glow due to Hubble being > 0 Kelvin

Thermal Emission Corrections
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Thermal Dark Signal is instrument 
glow due to Hubble being > 0 Kelvin

Thermal Emission Corrections

Thermal dark corrections (in 
electrons/pix/s)

McIntyre et al. 2024
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With old thermal correction 
With new thermal correction 

Zodi Prediction

Thermal Emission Corrections

McIntyre et al. 2024
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With old thermal correction 
With new thermal correction 

Zodi Prediction

Thermal Emission Corrections

McIntyre et al. 2024
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With old thermal correction 
With new thermal correction 

Zodi Prediction

Thermal Emission Corrections

McIntyre et al. 2024

Meteorite from Fulvio et al. 2012

1.4
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2. Retrieve COB Signal
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Measurement of COB
COB = 


???
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Measurement of COB
COB = 


Sky-SB
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Sky-SB - Image brightness ignoring discernible stars and galaxies
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Measurement of COB
COB = 


Sky-SB - Zodiacal Light
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>90% of total Sky brightness!

Sky-SB - Image brightness ignoring discernible stars and galaxies


Zodiacal Light - Light scattered off Solar System dust
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Measurement of COB
COB = 


Sky-SB - Zodiacal Light - DGL
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Sky-SB - Image brightness ignoring discernible stars and galaxies


Zodiacal Light - Light scattered off Solar System dust


Diffuse Galactic Light (DGL) - Light scattered off interstellar medium in 
Milky Way 
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Measurement of COB
COB = 


Sky-SB - Zodiacal Light - DGL - Thermal Dark Signal
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Sky-SB - Image brightness ignoring discernible stars and galaxies


Zodiacal Light - Light scattered off Solar System dust


Diffuse Galactic Light (DGL) - Light scattered off interstellar medium in 
Milky Way 


Thermal Dark Signal - Instrument glow due to Hubble being > 0 Kelvin
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Measurement of COB
COB = 


Sky-SB - Zodiacal Light - DGL - Thermal Dark Signal + Galaxy Light

31

Sky-SB - Image brightness ignoring discernible stars and galaxies


Zodiacal Light - Light scattered off Solar System dust


Diffuse Galactic Light (DGL) - Light scattered off interstellar medium in 
Milky Way 


Thermal Dark Signal - Instrument glow due to Hubble being > 0 Kelvin


Galaxy Light - Light from all galaxies
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Measurement of COB
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For SKYSURF COB 
Measurements, see


Windhorst et al. 2022 
Carleton et al. 2022 
O’Brien et al. 2023 
McIntyre et al. 2024
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Measurement of COB
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All taken deep within the 
Zodiacal dust cloud

Except these

For SKYSURF COB 
Measurements, see


Windhorst et al. 2022 
Carleton et al. 2022 
O’Brien et al. 2023 
McIntyre et al. 2024
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Measurement of COB
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All taken deep within the 
Zodiacal dust cloud

Except these
Postman+2024

For SKYSURF COB 
Measurements, see


Windhorst et al. 2022 
Carleton et al. 2022 
O’Brien et al. 2023 
McIntyre et al. 2024
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Creating a 3D Zodiacal Light 
Model Optimized for Optical 
Wavelengths

35
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Does not work at wavelengths <1.25 m μ
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Sky Measurements:
O’Brien et al. 2023

Zodiacal Models:

Wright 1998
Kelsall et al. 1998
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Sky Measurements:
O’Brien et al. 2023

Zodiacal Models:

Wright 1998
Kelsall et al. 1998

What needs to be fixed?
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The Current Scattering Phase Function
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The Current Scattering Phase Function

Hom et al. 2024

Forward Scattering Backward Scattering
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Residual Light = 


Sky – Zodi –

Everything Else

The Current Scattering Phase Function
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Sun Angle

Re
si

du
al

 L
ig

ht
 [M

Jy
/s

r]
Residual Light = 


Sky – Zodi –

Everything Else

The Current Scattering Phase Function
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Residual Light = 


Sky – Zodi –

Everything Else Should be flat

The Current Scattering Phase Function
Sun Angle
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Residual Light = 


Sky – Zodi –

Everything Else

The Current Scattering Phase Function
Sun Angle
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A New Scattering Phase 
Function

46
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Weight Relative contribution of 
forward/ backward scattering

 

g = 0        Isotropic scattering

g > 0        Forward scattering

g < 0        Backward scattering

A New Scattering Phase Function
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A New Scattering Phase Function

My Methods:


1. Feed sky-SB measurements into 
model


2. Adjust new phase function parameters 
(chi-squared or bayesian MCMC)


3. Get best-fit phase function
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A New Scattering Phase Function

Backward Scattering Forward Scattering

Dashed Line - Original Kelsall (1.25 m)μ

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu) 50

A New Scattering Phase Function
Dashed Line - Original Kelsall (1.25 m)

Colored Lines - This Work

μ

Backward Scattering Forward Scattering
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A New Scattering Phase Function
Dashed Line - Original Kelsall (1.25 m)

Colored Lines - This Work

μ

Backward Scattering Forward Scattering

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu) 52

Re
si

du
al

 L
ig

ht
 [M

Jy
/s

r]

Results with new phase function!

A New Scattering Phase Function

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu) 53

Re
si

du
al

 L
ig

ht
 [M

Jy
/s

r]

A New Scattering Phase Function
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Need a New Spherical Cloud Component?

NASA, ESA, Andi James (STScI)

Suggested by, e.g.,  Matsuura+2017

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu)

New Diffuse Galactic Light 
Measurements

55
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DGL Estimate 
using Planck 
maps

DGL 
Measurement 
with New 
Horizons

Postman+2024
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Ongoing SKYSURF Projects

• New Zodiacal Light Model (Rosalia O’Brien, Rick Arendt, Scott Kenyon, etc)


• Final SKYSURF COB Measurements (Rosalia O’Brien, Megan Miller)


• Galaxy counts (Delondrae Carter, Scott Tompkins)

60
Megan Miller

See Tim’s talk (up next)
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Ongoing SKYSURF Projects
• Sky Measurements with older Hubble cameras (Hal Ingram)


• PSF Leakage into Sky Measurements (Logan Conrad)


• Implementation of new zodi model into ZodiPy (Tejovrash Acharya)

61

Logan Conrad Tejovrash AcharyaHal Ingram
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skysurf.asu.edu
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SKYSURF-IR

63

PIs: Prof. Rogier Windhorst & 

Dr. Timothy Carleton

Rafael Ortiz III Jessica Berkheimer

Grad Students:
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Conclusion
• SKYSURF published sky-SB measurements 

for +150,000 Hubble images.


• Measurements of the SKYSURF COB are 
difficult due to bright foregrounds. —> A 
new Zodiacal Light model is needed.


• Currently using Postman+2024 DGL 
estimates


• Project SKYSURF remains ongoing.


• SKYSURF-IR (with JWST)

64
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EXTRA SLIDES

65

mailto:robrien5@asu.edu


Rosalia O’Brien (robrien5@asu.edu)

Image Credits
• History of the Universe - NASA


• Big Bang Icon - Pablo Carlos Budassi; Unmismoobjetivo/Wikimedia Commons


• Galaxy Icons - NASA


• Thumbs up stick person - The Happiness Project (https://happinessproject.com/products/the-happiness-
sticker-pack)


• Image of the night sky - NASA Night Sky Network


• Glasses icon - Warby Parker


• Hubble image - NASA


• Andromeda image - Westend61 via Getty Images


• Comet dust cloud image - NASA Hubblesite

66
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McIntyre et al. 2024
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Postman Equation 8 Planck maps with CIB subtracted manually

LORRI Instrument: 0.608 micron pivot wavelength

(Huge bandpass spanning 0.4 and 0.9 microns)
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COB Prediction

• Phenomological model 
(forward modeling)


• Assumptions of star 
formation history, 
spectral evolution of 
stellar populations, 
IMF, SED of starlight, 
dust attenuation

73
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Zodi Origin?

• Smooth Cloud: asteroid collisions (Dermott et  al. 1984; Schramm et  al. 1989; 
Tsumura et  al. 2010); cometary ejections (Liou et  al. 1995; Nesvorný et  al. 
2010; Yang and Ishiguro 2015)


• Dust Bands: Believed to be asteroidal collisional debris; The material 
producing them is likely to be debris spiraling into the Sun under Poynting-
Robertson drag (effect that causes dust grains to lose angular momentum 
due to radiation pressure from the Sun).


• Circumsolar rings: The Earth temporarily traps migrating dust particles into 
resonant orbits near 1 AU if they are in low-eccentricity orbits, as is expected 
for asteroidal debris

74
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Sky Measurements

75

Zodiacal Light Lim
its

Hubble 1.6 m Sky Measurementμ

O’Brien et al. 2023
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A New Scattering Phase Function

Hom et al. 2024
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Sky Measurements
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O’Brien et al. 2023
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Sky Measurements
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O’Brien et al. 2023
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Sky Measurements
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O’Brien et al. 2023
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skysurf.asu.edu

80

IPAC/IRSA Background Model

Arendt+1998 and Schlegel+1998

Diffuse Light measurements

Diffuse Light = Sky-SB – Zodiacal Light – DGL – IGL - Thermal Dark

mailto:robrien5@asu.edu
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skysurf.asu.edu
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For now: Integral of galaxy 
flux energy density for 

mag > 26.5


0.56 nW m-2 sr-1

0.0003 MJy sr-1

Diffuse Light measurements

Windhorst+2022 (AJ)
Diffuse Light = Sky-SB – Zodiacal Light – DGL – IGL - Thermal Dark
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skysurf.asu.edu
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Diffuse Light measurements

Diffuse Light = Sky-SB – Zodiacal Light – DGL – IGL - Thermal Dark
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SKYSURF Sky-SB Kelsall Zodi

Diffuse Light measurements

1.25 mμ
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Diffuse Light measurements
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• Represents the light 
from all galaxies 
throughout cosmic 
history.


• Vital to understanding 
the history of the 
universe, as it probes 
star formation, black 
hole activity, and dust 
properties over cosmic 
time.
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