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Dec (J2000)

We tried to detect the gas in the circum-galactic medium (CGM) and inter
galactic medium (IGM) in the nearby Universe in Ha using MUSE Wide
public datacubes (Urrutia+19)
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Ha often show two peaks + weak continuum
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Flux Ratio

~

Ha of the central galaxy

Also single peak
stacking shows two
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Passiole Pliysical OFigin of e Ha emission

Mechanism Surface  Number Double Central HB/Ha No Size Spatial
Brightness Density  Peak Drop Continuum Distribution

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Accretion disks (IMBH) v v v v @ v v v
Expanding bubbles (SN) v v v v ? v v X
Cosmological gas e e 2 r'e X v v v
Planetary nebulae X v v v re v v ?
X-ray binaries X e v v re v v P
Shocks ? v v X ? v ? v
Galaxy outflows e e e X v v re X
Tidal disruption events re x e v re v v X
Interlopers v x r'e X v v r'e X
Jets @ ? / / re e e X
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The spatial distribution discards telluric
line contamination
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IMBHs with masses between 10% and 10° M,
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Are IMMBHSs to be expecied?

(Reviews; e.g., Mezcua 17, Greene+21)

- Primordial BHs (created during the BB,
there are claims that the may account for
all the Dark Matter of the Universe; e.g.,

Garcia-Bellido+)
MM:)
100 0 LA (' L—— — 100
‘ CM8
GC
Carr & Kuhnel 20, ARNPC
/
8 10
=
3
<]
1]
-
SoekY A D 1
fBH=1 ~100 BH/Star
EGB
IL
]D:O" 10"'° l(;" - ‘101” lDl”‘ - 101“’ 101‘" ‘ 101“’ 10%
Mig)
Figure 1 23

Constraints on f(M) for a monochromatic mass function from evaporations (red), lensing (dark blue),
gravitational waves (GW) (brown), dynamical effects (green), accretion (light blue), cosmic microwave

background distortions (orenge), and large-scale structure (purple). Evaporation limits come from the
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Now

- Seeds for SMBHs (direct collapse in
the early Universe; e.g., Jhonson+13,
MNRAS; Latif+22, Nat)
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overs expected



Characteristic Strain

~ Abbott+20,PhRvL
- progenitors of the BH-BH mergers 2. AL
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- however, very few confirmed so-far: <30 (Greene+21, ARA&A)
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p [ M, /Mpc’]

Navarro, Frenk, and White profile:

Collision-less CDM haloes must
have a particular shape (NFW

profile) N
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10°

Small-scale tensions: core - cusp problem

One can measure the DM distribution using
kinematic information (e.g. HI rotation curves).
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SA+20, cores imply is DM is in

thermodynamic equilibrium

cusps (NFW profile)

~ The smallest observed galaxies, M
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Solution within the CDM paradigm:
stellar feedback on the DM
distribution Governato+10)
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Baryon feedback is unable fto
modify the CDM profile (NFW

n profile) for stellar masses smaller

than some 10° M_. (There is not
enough energy, e.g., Pefiarubia+12)
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- In cores exist for M, < ~10° M_ then it cannof

be due to baryon feedback but has to reflect the
nature of DM whether is is fuzzy, self
interecting, warm, or else.

6 < log(M./Ms) < 7

- Kinematic measurements at these masses is
technically very challenging (if not impossible),
however, photometry is doable. We can measure
the mass profile from photometry.

- ... and the observed mass profiles tend to show
cores ...

10? 108

The question arises as to whether stars trace the DM
distribution in these low-mass systems

There is no trivial answer since in general they do not :the distribution
of DM and stars do not necessarily have to be the same.

Estallidos XIV, Madrid, 5/2/23



Tie Eddingtan inversion metiod cotmes fo hejp:

For spherically symmetric systems of particles with isotropic velocity distribution, the
phase-space DF f(¢) depends only on the particle energy ce.

e=WV — %v?lis the relative energy

w(r)
p(r) = 4wV/2 ./0 () ¥(r) — ede.

U(r) = &9 — ®(r) is the relative potential

1 < d3p
f(e)—\/iwzf0 @\/e—\lfd‘ll.

Give a stellar mass density profile, p(r), and a potential, ¥(r), the Eddington
Inversion Method provides the distribution function consistent with both, f(e).
- There is no guarantee that two arbitrary p(r) and ¥(r) are physically
consistent with each other.
- The absolutely minimum requirement for consistency is f(e) >0
- Pairs p(r) - ¥(r) leading to f(¢) < O can be discarded, thus,
given an observed stellar p(r) we can constraint the DM W(r).

- Is a cored estellar p(r) consistent with a cuspy COM Y(r)?



- Is a cored estellar p(r) consistent with a cuspy COM Y(r)?
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Table 1. Summary of the compatibility between baryon density profile (p) and potential

Baryons & Potential, Velocity Consistency Comments Section

(1) (2) (3) (4)
Core' & NFW !, isotropic X Eqs. (23) and (24). 8=0". Fig. 1  Sect. 3
Power law’ & Power law, isotropic # a>0'v a<0X. Eq (25). 8=0 Seccts. 3,42
Core & Soft-core * | isotropic X B =0. Fig. 4. Fig. 5 Sect. 4.2, App. E
Core & Core, isotroplc ) B=0.a<2va>2X. Fig 2. Fig. 7 Sects. 4.1, 4.2, App. E
Soft-core & NFW, isotropic # 8=0. Figs. 5,6. c201v c 01X, Sects. 3, 4.2
Soft-core & Soft-core, isotropic L& A=0. Figs. 5, 6 Sects. 3, 4.2

rs 22r.,x.c>c,/ Sect, 4.2

Core & NFW, O-M model X B(# 0) in Eq. (12) Sect. 3
Core & NFW, radially biased X Constant 5. 8> 0 Sect. 3, App. D
Core & Any, radially biased X Constant 5. 8> 0 Sect. 3, App. D
Power-law & Any, anisotropic [ Constant 3, a > 283 Sect. 3, App. D
Core & NFW, circular v 8= -00 App. C
Any & Any, circular v B=-00 App. C
Any & Any, tangentially biased # 8<0. Eq. (18). Xf. <0 Sects. 2.3, 3

NoTE—
' Core = dlogp/dlogr —» 0 when r < 0.
! Navarro, Frenk, and White potential (Eq. [A6]) produced by a NFW profile (Eq. [A5)).
; Velocity anisotropy parameter 8 defined in Eq. (11).
pxr®,
¥ Soft-cores defined in Eqs. (30) and (32), and illustrated in Fig. 3. Power laws ' are a particular type of those,
(1) Description of the baryon density, the gravitational potential, and the velocity distribution.
(2) 'l'besymboln/.x.andbmw&xmmpcubk. incompatible, and may or may not, respectively.
(3) Additional comments and keywords.
(4) Section of the text where the combination described in (1) is discussed.

LDLALIIUUD /A1 YV 4 1VIAULIU, J/ Ll &0

SA+23b, ApJ
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Anisotropy S
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Application 1o real galaxies:

(SA+24, A&A, submitted)

For the galaxies in Carlsten+21,22 (massive satellites of MW-like galaxies) and
under the assumption of spherical symmetry and isotropic velocities (SA+23b, in

prep.) -

logiM./My)=7

N N N
o« (&) &

g [mag arcsec™?)

w
o

|Og(M./Mo)>7

10°
r [kpc]

" - Good for testing purposes (S/N
and number of targets)

_ - No good for constraining the nature of DM (6 < log(M,/M, ) <7)
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Using the Eddington inversion technique, we are starting to develop techniques that
allow us to infer the distribution function needed for an observed profile to live in a

particular DM halo.

Oy T
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50 _

[ +25 &
X z
5 -
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—'P
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| NFW Potential
— e PR
® Nbte Momesel)
zol. o v ...' v . .......I ' .
10° 10 0.0 0 10
R [kpc) €1 s

Nube does not live in a NFW
potential because f < 0!

SA+24, in preparation Estallidos XTIV, Madrid, 5/2/23



Estallidos 8:
Searching for IMBHs




lllllllllll

- Assuming the double peak Ha emission to be
a fingerprint for IMBHSs

7A—1]

rgs~tcm”

Flux [10° e

i
B ‘ 5 : 1 'I'. 14 | :
6500 6520 6540 6560 6580 6600 6620

- Look for these characteristic signals in the MUSE-UDF (Bacon+23, A&A). It
corresponds to 150 hours of integration! (The MUSE Wide survey SA+22 used
is just 1 hour integration.)

- AT qided search ... as it
corresponds to these days.
In principle, a simple task.
J. Calhau already started
the task before leaving.




Es‘ralluﬁgs‘ 8:

Coé’rmmmg the na’rure of DM
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- Polish the tools to infer the distribution functions give a mass
surface density profile

n

d S(R) = ) aSi(R),
a
f(f) = :') (f/fmax)la i=
Z Enin " o
E v(@€max,
SiR) = f a ——— da,
0 Vema.r

- Find large datasets of faint galaxies (thousands!, to be able to
trim the sample and renove bias!) Short ferm: DES, DESI,
LIGHTS ... Long term: LSST, Euclid, ...

- Find ways fo estimate distances (i.e masses) to these tinies (eg., if
satellites, surface brightness fluctuations, detallied spectroscopic follow up
of selected candidates)

- Do galaxies with M* < 10° M_ have cores? If they do then DM
MUST collide proving that we have to go beyond the ACDM paradigm!

Estallidos XIV, Madrid, 5/2/23



"> o Is Cloud 9 a s’rarless galaxy? i
PrOJecT for Es‘rall:dos 8

:4. AN, £ T
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- Starless haloes are the Holly Grail of the halos where observing a core
implies deviations from CDM

- According to Benitez-Llambay & Navarro 23,
cloud 9 could be one of the many expected
starless dark matter haloes: it has the right gas

mass and an HI line width consistent with a
massive DM halo.

- Where does the Estallidos expertise come into play? The starless DM halos

are expected to emit in Ha in a ring-like structure excited by the cosmic UV
background (e.g., Sykes+19).
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Ad [arcmin]

We apply to observe the Ha of Clound 9 with large IFU of WEAVE @ WHT

- got 35.7 hours in Band A for Semester 24A

»
HI contours

- o be carried out April/2024

- Tasks: (a) reduce the data (first trial
by the WEAVE team)

(b) Interpret the Ha emission (even
a negative detection is a result)

AN , (c) Publish the result. Luckily, the
e - R Gt first starless DM ever confirmed.

size

R —Za [a[:"cmin]2 4 6 PI"OJ@CT for‘ ESTG”ldOS 87

Recommended time allocation by the CAT

Semester 2024A

William Herschel Telescope
. Ref.CAT | Band | P Awarded hours Instrument Large program Title
SWwai2éat A :.bﬂ)o Sanchez Nmeida 35.7 WEAVELFU v First Halpha detection of a fossd starless dark-mater halo
SW20407 B Jesus Maiz Apelanz 48 6 WEAVELFU . A multiphcity survey of stellar clusters with O stars
SWalRéatd 8 lgracio Negueruoa po WEAVEAFU . A massive young cluster in the Outer Miky Way
SWaaeat2 B Martin Guerroro .0 WEAVEAFU . lUnveding Pe Ljects 30 stucture of Nova Remnarts
SWalR4a09 |0 lgraco Truplio 70 WEAVEAFY - A precise dstance estimaton 1o Nube
SWal24ad |0 Armlsn Audbect 108 WEAVEALFY - WEAVEIng nsights into et-ISM nteracton a piiot study of rado-loug galaxies
SWaR4a5 |8c ManCruz Gahves-Ortiz 360 (8:19. C17) WEAVELFU - Characterzation of low-mass eclpsing binares with WEAVE
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Surnimairy-

1.- Estallidos 7:
- Searching for the cosmic web in emission
- Cores in tiny galaxies and the nature of DM

2 .- Estallidos 8: Plans

- Searching for wandering IMBHSs
- Cores in tiny galaxies and the nature of DM

3.- Is Cloud 9 a starless dark-matter halo? Estallidos 8

4 - Conclusions
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