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AGN qutflovysww (search this
i Summer 2026")

Sean Matt
Stellar theory
Rotation, winds,
magnetism,
accretion

Sergio Martin-Alvarez

Galaxy evolution theory
Magnetic fields, cosmic rays
Arriving Fall 2026 +
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Research Facilities

Apache Point Observatory 3.5m Telescope
HST, JWST, Keck Observatory, Gemini Observatory,
Very Large Telescope, Chandra X-ray Observatory

70 half nights, remotely operated
Students can be Pl
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Research Facilities
SUI'VBYS: SDSS V. ASASSN, 4MOST, ULTRASAT, Galah, Geckos, DUVET, etc
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Research Facilities

OU Supercomputing Center for Education and Research
— OSCER

High performance computing

Over 10,000 CPU cores, 23TB of RAM and
450TB of usable hard disk space

Free use for OU community

Students can have accounts under advisor
projects .

Some faculty have dedicated nodes, storage space, etc
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Henry Neeman, OSCER Director



New Astrophysics PhD program

First incoming class was 2024/2025

Third incoming e stafting'f i

3 28 students total | |
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Grad School Outcomes et

Most other grads go into tech-skill
Percent of New Astrono:ngy7 gr:grso ﬁ;f%';}? Postdoctoral Positions, J obs such as:
- data science
e - finance
- software
- palicy
- research support

Telescope support (Keck, APQ, STScl)

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Science writing (Physics Today)

Data represent two-year average. The “Class of” represents the most recent two years. Data are limited to PhDs who earned their degree
at a US university and remained in the US.

Science editor (Nature)
2 AIP LSS National Science Foundation
Satellite companies
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Grad School Outcomes

Prof Hayden
Boquan Chen (2022) - Postdoc at Australian
National University, then Ohio State University

Purmortal Wang (2023) - Postdoc at University
of Utah

Prof Nielsen
Hasti Nateghi (2024) - Geospatial analyst at
Australian Communications and Media Authority

Daniel McPherson (2024) - Bureau of
Meteorology, Australia

Antonia Fernandez-Figueroa (2026) - Postdoc,
CASSACA (Chile) -

Prof Matt
Adam Finley (2020) - Postdoc at CEA Saclay
(France), then ESTEC (Netherlands)

Angela Breimann (2021) - Data scientist at
Ofcom (Scotland)

Tom Wilson (2022) - Data scientist at Smith
Institute (Scotland)

Prof Kilic
Alek Kosakowski (2021) - Postdoc at Texas
Tech, then UNC Chapel Hill -

Onder Catmabacak (MS 2023) - Industry
Adam Moss (2025) - Postdoc at U Florida




. Xinyu Dai

Gravitational lenses, galaxy clusters, active galactic nuclei, and gamma-ray bursts

W1 NEOW!SE
W2 NEOWISE
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Dai et al. 2026: A Decade-Long Increasing
Mid-Infrared Luminasity in Galaxy NGC6447:
a Turning-On Candidate of Active Galactic
Nucleus

The gas surrounding the AGN in a nearby
galaxy has dispersed recently, making the
central engine visible

Optical
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. | Michael Hayden

Galactic archaeology and galactic gvolution

Hayden et al. 2015: Chemical Cartography with APOGEE: Metallicity Distribution
Functions and the Chemical Structure of the Milky Way Disk

Spectra for 70,000 red giants. Elemental abundances vary with position in our Galaxy.
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Mukremin Kilic

White dwarfs, planets and debris around white dwarfs

Mullally et al. 2024 (incl Kilic): JWST Directly Images Giant Planet Candidates Around
Two Metal-Polluted White Dwarf Stars

Candidate planet separations of 11 AU and 35 AU, masses 1-7 M, . JWST program o S
confirm the candidates

MIRI Image e Subtract WD

0

Subtract WD 6 Subtract Candidate
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- Sergio Martin-Alvarez

Galaxy evolution in simulations, maghetic fields, cosmic rays, SN feedback

Martin-Alvarez et al. (2026): The Pandora project - Il. How non-thermal physics drives
bursty star formation and temperate mass-loaded outflows in dwarf galaxies

Standard Full physics

Standard simulations create ¢ ' - y Densities
outflows that are too energetic '

Including radiation and cosmic rays
produces outflows in better
agreement with observations

Gas temperatures

e e e % Gas velocities 7
(blue in, red out) -

2.kpc 2 kpc 2 kpc 2 kpc




. Sean Matt

Theory of Stellar Rotation, Magnetisrﬁ, Winds, Accretion

Matt et al. 2015: The Mass Dependence of Angular Momentum Evolution in Sun-Like
Stars

Models of magnetic stellar wind torques and evolution of stellar rotation of Sun-like
and low-mass stars

Spin-evolution of model cluster Snapshot compared to data
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Observing with the higgest telescopes

Apache Point Observatory, Sunspot NM

APQO 3.5 me
telescope
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SR Observing with the biggest telescopes
'.’3 . WM Keck Observatory Telescqpes, 10 meters
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- Observing with the higgest telescopes
'.': . WM Keck Observatory Telecopes, 10 meters
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Hubble Space Telescope, 2.4 meters

Kennedy Space Center

{0 @ spacetelescopelive.org/latest

SPACE
TELESCOPE
LIVE

@

Between 18:09 and 22:18 UTC on 2022-
01-06, Hubble is looking at
IRAS08339+6517CGM2, a Ext Medium,
with Wide Field Camera 3 (WFC3/UVI)
for Dr. Nikki Nielsen

SEARCHING FOR IMAGE DATA...

HST Proposal #16749: Direct imaging of
CGM substructure with 50 parsec
resolution

L Observing with the higgest telescopes

| | SPACE
— — | TELESCOPE

L JLive § %

Between 1:42 and 2:59 UTC on 2022-02-13,
Hubble is looking at 2MASX-
J08382309+6507160, a Galaxy, with Wide
Field Camera 3 (WFC3/UVI) for Dr. Nikki
Nielsen

| i | | 1 |
SDSSDR15 N
ra: 120,590 dec: 65.118 .
scale: 0.7922 arcsecipix

_ image zoom: 14
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HST Proposal #16749: Direct imaging of CGM
substructure with 50 parsec resolution



?Deﬂning the Circumgalactic Medium

Interface between the interstellar
medium and intergalactic medium

Generally gravitationally bound material
out to ~200 kpc (R,,)

Diffuse (n~1073 cm™)
Multiphase (T~10%7 K)

Large fraction of baryons (>50%)
CGM mass > ISM mass
Cool CGM

e Contains record of

past gas flows

Werk+ (2014)

' “Credit: Cristy Roberts ANU/ASTRO 3D



Observing the Circumgalactic Medium

Typically done indirectly in absorption
with pencil-beam probes

One of the motivations to build the
Hubble Space Telescope!
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- How do galaxies transition from

..~ star-forming to quiescent?

» Where are the gas flows?

» What are their geometries, velocities,
and metal content?

» How much mass is being moved
around?

» How do these properties compare to
the galaxy's star formation activity?

The circumgalactic medium (CGM) hosts
and influences these gas flows

| \Star-_fdf'ming y

Quiescent

.....
-----
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The Intrabroup Medium of a Compact Group at 2.4 /
Dutflows, Accretion, and Tidal Streams s

Galaxies :1, G2, and G3
identified by Lyar emission
in KCWI/Keck

G4* has no emission but
IR % is similar size and colour

I8! Tidal streams may be
present between galaxies

Nielsen+ (2022); also see Fernandez Figueroa, GGK, NN+ (2024)



The Intrabroup Medium of a Compact Group at 2.4 /
Dutflows, Accretion, and Tidal Streams s

UVES/VLT Quasar Spectrum:
Features a DLA and
ultra-strong Mgl absorption

H1 A1026

Galaxies 1, G2, and G3
identified by Lyar emission

in KCWI/Keck
’ G4* has no emission but
NN is similar size and colour
'.o » *) Tidal streams may be | [ .f"-m_,_“f’_“'l—"_—*
: present between galaxies h—t ;5'06 = — '5(')0' —

Velocity (km s™*) Nielsen+ (2022); also see Fernandez Figueroa, GGK, NN+ (2024)



The Intrabroup Medium of a Compact Group at 2.4 /
Dutflows, Accretion, and Tidal streams St nisiallisiies

UVES/VLT Quasar Spectrum: Outflowing gas clouds is driving outflows
Features a DLA and | v~ 400 km sty N SFR,=17 M, yr!
ultra-strong Mgl absorption e
H1 A1026 Qe w2
Metal-rich
_or 18 5
N =
N i ¢ &)
& 16 £
i o]
. —2f S
Galaxies G1, G2, and G3 i -
: ) . Metal-poor [
identified by Lyar emission [ 14
in KCW1/Keck A i ) gl
—006 ~100 =300 —200 —100 0 100~ 200" " 300
G4* has no emission but _/ Velocity (km s™1) \
IR % is similar size and colour ’ . ) '
_ : Rest of clouds are tidal Accreting gas clouds
99 d! Tidal streams may be | [ : and intragroup material falling onto the group
: present between galaxies 50 0 - 500
. Velocity (km s™*) Nielsen+ (2022); also see Fernandez Figueroa, GGK, NN+ (2024)



 IRASOB: A nearby
starbursting galaxy

=z,
-» Average mass: log M,/M =10
-> "Face-on” disk: i~ 15°

-» Compact: 2.4 kpc = 8,000 ly

-> HI plume contains 70% of
neutral gas in system

Nielsen+ 2024

=0.079: 270 million ly away

IRAS08

10 kpc

HST/WFC3 F775W



 IRASOB: A nearby
starbursting galaxy

>z =0.019:270 million ly away

gal
-» Average mass: log M,/M =10
- "Face-on” disk: j ~ 15°

-» Compact: 2.4 kpc = 8,000 ly

-> Hi plume contains 70% of IRASO8
neutral gas in system :

10 kpc

HST/WFC3 F7T75W

Nielsen+ 2024
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- GGN-emission is
guerywherel
s 7
gal
- Average mass: log M,/M _ =10
-> "Face-on” disk: / ~ 15°
~» Compact: 2.4 kpc = 8,000 ly

~» HI plume contains 70% of
neutral gas in system

Nielsen+ 2024

=0.019: 270 million ly away

2 hr exposures on KCWI

SNR > 7

IRASO8
*20 min

10kpc -

sUkpe
100,000 light
... years

HST/WFC3 F7T75W
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- Syrface Brightness profiles - [O111] 25007
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Nielsen+ 2024
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. *  Ihe Ionization mechanism changes In the CGIV )
" ‘ ISM: ionization decreases with radius I
o 102 10— More ionized” - . +*
CGM: increasing ionization T T T T T T .
with radius

10° |

lonization, O,,= [OII}/[OII]

Ll AT £ ST . .
10° 10" Less ionized
Hielsens 2021 r,, = 90% radius of optical light 7 (kpc)
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