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Abstract:

The circum-galactic medium (CGM) is at the nexus of the gas inflows and outflows that regulate galaxy evolution. Consequently,
the CGM provides an ideal laboratory for studying galaxy fueling, feedback, and interactions.

In the last decade, the simultaneous availability of UV spectra from the Cosmic Origins Spectrograph, deep integral field
spectrographs, and wide galaxy redshift surveys have revolutionized our ability to characterize the CGM empirically. | will review
recent progress enabled by the Cosmic Ultraviolet Baryon Survey (CUBS) and MUSE Quasar Blind Emitter Survey (MUSEQUBES),
which combine these data for 31 intermediate redshift quasar fields. These surveys simultaneously provide for the first studies
of physical conditions and abundances of the CGM and IGM around low-mass dwarf galaxies that constrain the physical
conditions and abundances of the gas while also enabling the discovery of giant rest-frame optical emission nebulae around
quasar hosts. | will highlight enlightening case studies, including filamentary accretion from 100 kpc scales into the ISM of a
massive quasar host confirmed by down-the-barrel inflows observed in the UV and the first studies of relative abundances in the
CGM/IGM around isolated dwarf galaxies that reveal surprisingly high metallicity and low [C/O] and [N/O] ratios, suggestive of
core-collapse supernova outflows with modest mass loading.
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Cosmic Ultraviolet Baryon Survey (CUBS): fills a &~ 5 billion year gap in our
understanding of the relationship between galaxies and surrounding CGM/
IGM between better constrained epochs at z = 0 and Cosmic Noon (z = 2 — 3)

300 orbits of HST UV IGM absorption spectra of 15 QSOs in Cycle 25 & 31 (PI Chen, co-PI: SDJ, Rudie) + galaxy follow-up
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COS+STIS+MIKE constrain kincmatics, thermodynamics, and chemistry
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CUBS wedding cake galaxy survey strategy: CGM/IGM over four orders-of-
magnitude in stellar mass + environment: isolated dwarl galaxy CGM! Sec
Nishants talk later today

Nishant
Mishra
(UMichigan)

~ 10 X increase over the literature
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Switching gears: studics of giant ionized nebulac around quasars screndipitously enabled
by CUBS & MUSEQuBFE S (GTO survey; P Schaye, see Muzahid+2021, Dutta+2024)

MmMousQe

multi unit spectroscopic explorar
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Gas observable in 2 1-cm at low-z can be ionized by a central quasar and
becomes readily observable in non-resonant, rest-frame optical lines such as
(O II], HA, and [O III] at intermediate redshift.
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Two-thirds of UV luminous quasars at z & 1 are in

massive groups of > 10'° M, with lots of scatter. U. Michigan
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Some signatures of feedback, though we had
to look harder than expected

Giant nebulae around 3C 57
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Half of UV luminous quasars have >60 kpc [O II] nebulae!...

SDJ, Liu 12024 (Ap]...966..218])
Liu, SDJ 12024 (MNRAS.527.5420L.)

but not ubiquitous
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nebula arca [kpe?]

Is the presence of nebulae correlated with quasar
properties? not really
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CUBS: 11 main survey papers + 6 on quasar nebulae

The Cosmic Ultraviolet Baryon Survey (CUBS) - 111. Physical properties

The Cosmic Ultraviolet Baryon Survey (CUBS) - L. Overview and the and elemental abundances of Lyman-limit systems atz < 1
diverse environments of Lyman limit systems at z < 1 2021MNRAS.506..877/.
POMNRAS.497._ 498" Fakhri 8. Zahedy ~,'* Hsiao-Wen Chen > Thomas M. Cooper,' Erin Boetcher,* Sean I, Johnson

Gwen C. Rudie,! Mandy C. Chen,” Sebastiano Cantalupe,* Kathy L. Cooksey,®

Hsiao-Wen C]_mr: 1% Fakhri S. Z?hcdy - Erin BOCIEChEr" Thomas M. Coopq * Sean D. ]ohnsor_l,z 't Claude-André Faucher-Giguére 7 Jenny E. Greene,* Sebastian Lopez " John S. Mulchaey,'
Gwen C. Rudie,” Mandy C. Chen,' Gregory L. Walth,” Sebastiano Cantalupo ,* Kathy L. Cooksey,” Steven V. Penton,"” Patrick Petitjean,”’ Mury E. Putman,"? Marc Rafelski,"*'* Michael Rauch,'
Claude-André Faucher-Giguére ,ﬁ Jenny E. Greene,” Sebastian Lopez " John 8. Ml.llchacy,1 Steven Joop Schaye *,* Robert A. Simecoc'® and Gregory L. Walth!

V. Penton,® Patrick Petitjean,” Mary E. Putman,'” Marc Rafelski,'''* Michael Rauch,? Joop Schaye "

(bérpd.. Siikocl Bihd Benjamin J. Weiner'? The Cosmic Ultraviolet Baryon Survey (CUBS) — IV. The complex

he Cosmic Ultraviolet Baryon Survey (CUBS). II. Discovery of an H,-bearing DLA in :‘;lmu::lgl;?z(:n(;lrcumgalactlc Medlumiazsrevealed by;partial Lyman

the Vicinity of an Early-type Galaxy at z=0.576" 202TMNRAS. 508 4359C

Erin Boettcher' ', Hsiao-Wen Chen' (", Fakhri §. Zahedy® ', Thomas J. Cooper” ', Sean D. Johnson® ", Gwen C. Rudie’ ', Thomas J. Cooper ,'* Gwen C. Rudie,' Hsiao-Wen Chen > Sean D. Johnson *,* Fakhri 8. Zahedy
Mandy C. Chen' ", Patrick Petitjcan®, Sebastiano Cantalupo’ , Kathy L. Cooksey” ", Claude-André Faucher-Giguére’ ',  Mandy C. Chen % Erin Boettcher,? Gregory L. Walth,? Sebastiano Cantalupo,** Kathy L. Cooksey.®
enny E. Greene® ', Sebastian l.ﬂr.lt:'lu) ., John S, Ml{l:_'hacy“ , Steven V. Pclr.lil()n"‘ , Mary E. PulmunIL , Mare Rafelski'>"? Claude-André Faucher-Giguére L Jenny E. Greene,® Sebastian Lopez 9 John S. Mulch;ll)y.]
MG e AR S, SN R Steven V. Penton,"” Patrick Petitjean,”’ Mary E. Putman, > Marc Rafelski,''* Michael Rauch,'
Joop Schaye " '° and Robert A. Simecoe'®

The Cosmic Ultraviolet Baryon Survey (CUBS) V: On the Thermodynamic
Properties of the Cool Circumgalactic Medium at z < 1 The Cosmic Ultraviolet Baryon Survey (CUBS) VI: Connecting Physical

2022MNRAS.516.48820) Properties of the Cool Circumgalactic Medium to Galaxies at z ~ 1
Zhijie Qu' *, Hsiao-Wen Chen', Gwen C. Rudie?, Fakhri S. Zahedy?, Sean D. Johnson®, arXiv:2306.11274
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e Cosmic Ultraviolet Baryon Survey (CUBS). VIIL. Group Environment of the Most The Cosmic Ultraviolet Baryon Survey: Empirical Characterization of Turbulence in the

2024Ap]..965.1431, Luminous Quasars at z=~1 2023MNRAS.524.512()  Cool Circumgalactic Medium
Jennifer I-Hsiu Li'* %, Sean D. Johnson' , Erin Boeticher™** ', Scbastiana Cantalupo® *, Hsizo-Wen Chen” [, Hsiao-Wen Chen' ', Zhijie Qu' ©, Michael Rauch’ ©, Mandy C. Chen' ", Fakhri S. Zahedy” ©, Sean D. Johnson®
Mandy C. Chen' ', David R. DePelma’, Zhuogi (Will) Lin' ', Nishant Mishra' ©, Patrick Petitjcan”, Zhijic Qu' ", Joop Schaye* ', Gwen C. Rudie® | Erin Boettcher™ | Sehastiano Cantalupo® | Claude-André Faucher-Giguére”
Gowen C. Rudie'' ", Joop Schaye'' . and Fakhri §. Zahedy'>'" Jenny E. Greene'® ", Sebastian Lopez'' ", and Robert A, Simcoe'?

The Cosmic Ultraviolet Baryon Survey (CUBS). IX. The Enriched Circumgalactic and

Intergalactic Medium Around Star-forming Field Dwarf Galaxies Traced by O VI Qua sar nebulae p aperS:
2024Ap]...976..149M Absorption -
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Fakhri 5. '/ahad}'z 3 . Erin 'T. Boeticher™ ™ . Sebastiano Cantalupo™ ', Mandy C. Chen® ", Claude-André i-aucher—{'-iguérem 3
Jenny E Greene'' . lennifer 1-Hsia L@, Zhuogi (Willy Lin' . Sebastian LDpETH , and Parrick ]’eli(je.'m"1 13

Pirsa: 25070042 Page 14/14



