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The Circumgalactic Medium of Low-Mass Galaxies
Upper Limits on the Cool Gas Mass

Yakov Faerman 1, Yong Zheng 2, Ben Oppenheimer 3
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- Motivation :r Data set 11| Milky Way? &5 - f ;
- The f:ircumgalactic medium (CGM) connects thg large-scale structure with the | . We study low-redshift (z<0.3) - .
. galaxies that reside at the nodes of the cosmic web. Gas accreted from the | . : | o . r
| . . . . . . | iIsolated dwarf galaxies. Our |~ o0 @ Bom

intergalactic medium (IGM) and stripped from satellite galaxies is deposited into the | | sts of 40 qal QSO Y e i P
| CGM, which can then fuel star formation and the growth of supermassive black holes. | Sdmple Consisis o dJalaxy- % 5 = DH?OD:' i

Galactic processes, such as stellar and active galactic nuclei feedback, shape the pairs reported  and gnalyzed by = S

CGM by heating it, enriching it with metals, and even ejecting gas into the IGM. || £heng+ 2024 and Mishra+ 2024. o
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The last decades saw significant progress in multi-wavelength observations, revealing | 'he gal;sctlc S;Se g ; A

that the CGM is an extended, dynamic, and multiphase structure. However, many M. ~ 1077 = 107" My. We  convert | :

questions are still open - how much gas is out there, what are its thermal these to halo masses using the 7-

properties, spatial distribution, and morphology? These are all linked to the Universe Machine (Behroozi+ 2019) | Zheng+ 2024 © '.'

properties of gas accretion onto galaxies, feedback processes, and gas microphysics, and Colossus (Diemer 2018) toolkits PR

and are crucial to our understanding of how cosmic ecosystems form and evolve. and obtain M, ~ 1010 — 10113 M, - Impact Parameter b (kpc)/ R200m

Background QSOs probe the galaxies’ CGMs

at impact parameters up to the viral radius, |

\ and HST/COS UV spectra show absorption 1015

from neutral hydrogen (HI) and metal species | |

(Cll, CIV, Sill, Silll, SilV, OVI). In this work §1014j s mm l-.

we focus on HI absorption, tracing cool | = | %‘E _
[]

photoionized gas. The figure shows the HI < 1013_;

1016. HI column

h

Dwarf galaxies are great laboratories for understanding star formation and feedback | = :
| column densities versus impact parameters

processes, and the role of the CGM in these. Previous empirical theoretical studies of _ | ) | | n E‘f n
the CGM largely focused on more massive galaxies, relating observables to the | normallzeg to the halo viral radii. Th.e data | 102 . g . ]
underlying gas properties. In this work we construct a model for the CGM of dwarf show a mix of measurements, lower limits due 0.0 0.2 04 06 0.8 1.0
Kgalaxies, apply it to observations, and provide limits on the cool (T ~ 10* K) gas mass. &to line saturation, and non-detections. - . r1/Rvir
o — - _—— —— E— —
" Empirical Model fu-Hi fracton | pagyy|ts
P 5 L - path length | "
| | fy - volume |
- Gas mass upper limit filing fraction || We bin our sample by halo mass and apply our empirical model to the observations.

e , | - We vary the volume density profile slope (a,) and normalization (ny,) to fit the
.~ For constant density gas, the neutral hydrogen column is Ny; = friy L/, | ¢ H.0

’ 2 L eAE1 B s e # - measured column densities, resulting in an average CGM profile for each halo mass.
|‘

The figure shows the best-fit models (curves) compared to HI observations (markers).

n photoionized gas at low densities, the hydrogen is mostly ionized and the neutral

L . . ) e ___ - -
fraction is proportional to the gas density ( fi; o 74;). Then NH l 1016 M, ~3% 1010 M |10 M, ~ 8% 1010 M | 10% M, ~2x 101 M, |
the cool gas mass associated with a measured HI columnis (M. . « ngyfy |

- 4, e | 101> 1015/ 1015;
Since fi, < 1, the volume-filling scenario gives an upper limit on the mass. 15 = i
P S 10w 104 104 N |
Gas spatial distribution K ;
: : —a, »‘ 1013 1013 1013
We assume a power-law volume density profile ny(r) = ny (r/Rvi,,) and fy = const, n
and that gas is at a heating/cooling equilibrium and photoionization equilibrium (PIE). | 10%%|M, ~ 2.5 107%1@ 10%4 M, ~ 2% 10° Mo [] ¢ 1042 M, = 1.1 X 10° M, @E

s : : : | 0.0 0.2 04 0.6 0.8 1.0 0.0 02 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

Equilibrium temperatures and ion fractions are calculated with Cloudy (Ferland+ 2017) | R, R *
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assuming the Khaire & Srianand (2019) z = 0 UV background (UVB) radiation field. | We address two morphological scenarios: (i) volume-filling gas (f,, = 1), providing an
— - |
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B 1e> || upper limit on the gas mass, and (ii) clumpy gas with f;,, = 0.01, motivated by studies
10+ HI column Gas density Temperature | : : .
u 1073 | of MW-mass galaxies CGM (Faerman & Werk 2023). We integrate over the best-fit
| . _ : : :
T 105 _ .. Clumpier Se4 | gas density profiles to obtain the cool CGM masses (M) and plot them versus M,;.. f
| -4 \ *a ‘ e _ . - - - |
e 10 Sl Tt < .
Sio1 5 Sel Tt = 3e4- | | *! "W This work (-1 _-7| The dashed diagonals show |
T | | W This work (fy=0.01) . .
= S N T - ‘ A werki 2014 o507 fractions of the cosmological halo |
10131 10—5_ ==~ e | 1012 E Prochaska+ 2017 w‘o'/ .
—— , Ay T l‘ | = Facrman & Werk 2023 JRe baryonic mass budget. Our results
V= ¢ = Mcem=1.U€ o |} | | @ Zahedy+ 2019 7’ T
Lotz @T'ﬂf@ - fr=01 == Moo= 3.06408 Mo | H | 2 . || show that the cool CGM
| | | | | 6 ,V_ - | | | | led! | ,. - ICGM— -I € | °o | | @ . 0
0.0 02 04 06 08 10 200 02 04 06 08 10 0.0 02 04 06 08 1.0 || 101! | constitutes <10% _Of the halo
r L /Rvir ~ _IRur . IMRuyr | ' baryon budget. With the stellar

masses included, this leaves >85%
of the halo baryons unaccounted

| for. Do these reside in warm/hot |
| gas _or were they ejected from

All three models shown here produce the same HI column density profile (left) with
different gas volume densities (middle) and volume filling factors, ranging from f,, = 1

cool, CGM (MG))
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(volume filling) to f;, = 0.01 (clumpy). The gas mass in these models differs by a factor

of =~ 10. The gas temperature (right), set by the UVB, varies weakly with density. | | the halos by feedback?
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P —— | | We compare our results to M__ ., |
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MW-mass galaxies | intensity or the (unknown) gas metallicity have a <30% effect on the inferred M.

In future work we will explore our model predictions for metal ions and gas accretion
rates onto the galaxy. We also plan extending our models to include additional CGM |
| phases and model CGM-galaxy evolution, including accretion and outflows.




