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We tried to detect the gas in the circum-galactic medium (C6GM) and
inter galactic medium (IGM) in the nearby Universe in Ha using MUSE
Wide public datacubes (Urrutia+19)

| Spectral range (simultancous) | 0.465-0.93 ym
Resolving power 2000€0.46 ym
4000@0.93 pm
Wide Field Mode (WFM)
MUSE®@VLT: Bacon+14 15 Ficld of view 1x1 aremin®
! '| Spatial sampling 0.2x0.2 arcsec*®
| Spatial resolution (FWHM) 0.3-0.4 arcsec
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- from the MUSE spectra, construct Ha images tuned
to each galaxy, and also broad band images.

Histogram

- huge searching area; ~100 effective radii around
each galaxy

<@} - select those places with Ha signal and
without continuum signal
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Azimuth distribution of candidates
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The Ha emitting clumps prefer the
plane of the galaxy

The Ha emitting clumps appear
within the virial radius (Rvir ~50
radii; e.g., Kratsov 13).



z~0.3 z~0.3
Ly < 4.6 x 10*erg/s Lx<1.5 x 10%%erg/s

@ &

Mean stack Median stack

F 5" 120 sources 120 sources

Figure 18. The result of stacking our candidates in full band (0.5-7 keV) 7TMs X-ray Chandra images. The left panel shows
mean stacking whereas the right panel shows median stacking. The mean stacking reveals the presence of some clear sources,
likely in the vicinity of several of our clumps, but no actual detection in the position of our candidates (marked with a circle),
a lack of signal also supported by the median stack. Our mean stacking reveals an X-ray non-detection with an upper limit
luminosity of Lx < 4.6 x 10% ergs™. The images have been scaled to their minimum (black) and 0.85 x maximum (white)
values.

- No match in X-ray full band 7Ms X-ray Chandra images.

- No counterpart in radio : with the Very Large Array (VLA) 1.4
GHz survey for the Extended Chandra Deep Field South (E-CDFS;
Kellermann et al. 2008; Miller et al. 2013). The second data
release goes down to an average depth of h 7uJy.
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Ha often show two peaks + weak continuum
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Passible Plyysical Origin of' e Ha eissiar

Mechanism Surface  Number Double Central HS/Ha No Size Spatial
Brightness Density  Peak Drop Coatinuum Distribution

(1) (2) (3) (1) (5) (6) {7 (8) (9)
Accretion disks (IMBH) v v v v ? v v v
Expanding bubbles (SN) ¢ v v v ? v v X
Cosmological gas v v ? ? X v v v
Planetary nebulae X v v v ? v v ?
X-ray binaries X / v / T v v ?
Shocks ? v v X ? v ? v
Galaxy outflows / / / X / / ? X
Tidal disruption events ? X v v ? v v X
Interlopers v X ? X v v ? X
Jets e e v v e r'e ? X
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The spatial distribution discards

telluric line contamination
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. | - black hole X-ray binaries (BHXBs) Ha spectra
have 2 peaks (e.g., Casares & Torres, 2018.
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- Why IMHBs? Scaling with the observed Ha Luminosities with BH mass to match
the luminosities in BHXBs, our signals could be produced by compact objects with

mass between 103 and 106 MI , i.e., in the realm of the IMBHSs

10*
- 22
- HG >> Hb? MGYbe. o Ha z=8, Oobs = 60° )
3 10° o4
g o1 HfS Pac )
-g Lyc || Hen o1 Pal} o
2 [y H o1 - =526 3
= £
. . . 3 ‘ 28 m
Synthetic SED of the first massive —f toal SED | =
BHs (Inayoshi+22, ApJL, submitted). =wNl B e BH + nebula L
2 e -1-
8 pEes imaging sensitivity
10.0 l;.().A 200

observed wavelength (um)



Passible Plyysical Origin of' e Ha eissiar

Mechanism Surface  Number Double Central HS/Ha No Size Spatial
Brightness Density  Peak Drop Coatinuum Distribution

(1) (2) (3) (1) (5) (6) {7 (8) (9)
Accretion disks (IMBH) ¢ Yy ¢ & ? 7 7/ ,
Expanding bubbles (SN) v v v v ? v v X
Planctary nebulae X v v v ? v v ?
X-ray binaries X / v / T v v ?
Shocks ? v J X ? V4 2 v
Tidal disruption events ? X v v ? v v X
nterlopers v X ? X v v 2 X
Jots ? ? v v ? ? " x X

7

em~t A3
w o w o

Plux 110 ergs*

o - ~

AR Targets
Tt Pedbs

He=10A

Sy Peak

Y
6500 6520 6540 6560 6580 6600 6620

The spatial distribution discards
telluric line contamination




SA+22, ApJ, submitted

Sumifanrys

¢ Aiming at the detection of cosmological gas, we examined the Ha emission in
the halo of 164 galaxies in the field of view of MUSEW (redshift < 0.42).

O We found 118 reliable Ha emitting gas clouds.

& Surface brightness of 10-17.3:0.3 erg s-1 cm-2 arcsec—2.

Q¢ They are not created by instrumental artifacts, telluric line residuals, or
high redshift interlopers.

0 40 % of the Ha line profile shows a double peak with the drop at the
rest-frame of the central galaxy, and with a typical peak-to-peak

separation of 175 km s-1.

QO Most line emission clumps are spatially unresolved (1").

¢ The signals are not uniformly distributed; their azimuth tends to be
aligned with the major axis of the galaxy and their presence drops at a
distance corresponding to the virial radius of the central galaxy.

O We explore several physical scenarios, among which accretion disks
around rogue intermediate mass black holes fit the observations best.
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Spatial distribution of candidates
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Figure 1. The process of selecting candidates, The first panel shows a wavelength slioe as seen in the data cube itself. The
yellow circle marks the region where the candidate is expect to be and the size assigned to it from the inspection of the collapsed
Ho image. The upper right panel shows the Ho narrow band image. Candidates need to have a distinguishable emission in this
band in order to be considered for selection. The lower panels show the broad bamd lmages of the r and ¢ bands, respectively,
A valid candidate will have negligible or no emission in these bands. The yellow band shows the kength corresponding to 1.07,
the average resolution aclieved in MUSE-Wide due to secing constraints.







