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NGC5846-UDGH1.
WHAT CAN WE LEARN ABOUT

AND FROM ITS GLOBULAR CLUSTERS?
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McKee & Ostriker 2007, Kennicutt & Evans 2012, Krumholz, McKee, & Bland-Hawthorn 2019

STAR AND CLUSTER FORMATION

» Star formation in the Milky-Way typically proceeds in molecular clouds with sizes of
10-100 pc

» Two scales/structures/modes:
» Protostellar Cores - the birth sites of individual or binary stars

» Clumps (concentrations) - the birthplace of clusters within giant molecular clouds

After 100 Myr: clusters lose mass via two-body

First 100 Myr: some clusters disperse through
tidal shocks by dense molecular structures

relaxation and shocks by GMCs, shaping the cluster
mass function to appear on ~ 1 — 10 Gyr timescales




The specific frequency (Sn) can differ by a
factor of ~40-50 between different
galaxies

U-shaped distribution —

— intermediate-luminosity galaxies in a “valley”
— dwarfs and supergiants - large scatter and
higher mean Sy

Galaxy Luminosity MVT

Harris et al. 2013



ULTRA DIFFUSE GALAXIES

off >1.5 kpC

ug > 24 mag arcsec
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Coma LSBs dwarfs
Coma early-type dwarfs
Forbes et al. 2020
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NGC5846-UDGT

First cataloged in a survey targeting the the
NGC5846 group with the CFHT telescope
(Mahdavi et al. 2005)

Recently re-identified in the VEGAS survey
(OmegaCAM on the VST; Forbes et al. 2019)

Likely part of the NGC5846 group at ~25 Mpc

Forbes et al. 2019, 2020 and Muller et al. 2021
pointed out of a potential over-abundance of
globular clusters
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IDENTIFICATION OF GLOBULAR CLUSTERS

MUSE IFU spectroscopy confirmed 11 globular clusters + 2 candidates (Miiller et al. 2020)

All spectroscopically confirmed
clusters are old and metal-poor

y  GCH @
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Limited to the most luminous
clusters!

Muller et al. 2020
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Photometric selection based on the HST images

Color Size
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11 spec-confirmed clusters span a narrow range in and

Color Size
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11 spec-confirmed clusters span a narrow range in and

Color Size

e spec confirmed

(k5 0)pg75W-F606w = (0.39,0.03)
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Color and size selection informed by spectroscopic sample
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For my < 25 mag, using these color and size criteria, we find 33 objects within 2xr.s and one
object in an “empty” field with a comparable area
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IDENTIFICATION OF GLOBULAR CLUSTERS

my < 25 mag:

33 “in”" and 1 "out" —> 32 GCs

HST WFC3/UVIS F606W (1 orbit)

25<my< 26.5 mag:
43 "in” and 24 "out” —> 19 GCs

We find that NGC5846-UDG1 hosts 54 + 9
globular clusters

(M+=1.2x108 Mo)
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STRUCTURAL AND PHYSICAL PARAMETERS OF UDG1

DECalLS + HST/WFC3 data

DECaLS MRF-ed+Masked+Binned Sersic Residual
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HST WFC3/UVIS F606W (1 orbit) a— f LV,gaI = 6x107 Lo \
1 kpc
I—V,GCs = /.6x10¢ Lo

o
_, e e the clusters currently
S comprise 13% of the
. total light
What was the cluster formation efficiency? e K J
The galaxy likely started out as dominated by clusters? =~



Danieli et al. 2022 (arXiv: 2111.14851)

ek
-
-

[E—
clx
-y

= UDG1 GCs (observed)
MW GCs

—
]
o

i
-
=
=
~—
-5
5
:,:.
—
>
o
:,:.
,—-{
p—
—
U
= 102
]
= 1)
:,:.
vp)
-
"
—
o0
—_—
C,
-
O,
o p—
+
o
i

[
B
M=

4 5
log Ma [Mo)]




Danieli et al. 2022 (arXiv: 2111.14851)

NHR46-UDG1
Coma UDGs

Normal galaxies (Harris)
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What could have led to the formation of a s

galaxy such as NGC5846-U DG1?

Trujillo-Gomez et al. 2021: early collapsing
dark matter halos with high gas surface
densities formation model

Such conditions give rise to massive cluster
formation with a high CFE, resulting in an

elevated number of globular clusters for its
stellar mass. o ’

The clusters currently

comprise 13% of the total |

light
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Bar, Danieli & Blum (arXiv:2202.10179)

GC mass segregation

Dynamical friction time-scale:

V3

T —
= A7 GzpmGCC

3 {06 Mo
2 velocity 3% 10 kpcd 3 X 10° M, G
~ r
10X™ | medium density GC mass ¢

SE€C

—P dynamical friction effective on globular clusters in ultra-diffuse galaxies
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© All data
©  Luminosity-binned data

Projected
distance from
galactic center

L bins [10° L]

Luminosity



Bar, Danieli & Blum (arXiv:2202.10179)

A simple analytical model naturally explains the mass segregation trend with
dynamical friction

Since dynamical friction deceleration « migc, it is
expected to cause mass segregation.

In a simplified model:

At
In (r, Y(mge) = In (ry ) — ———CC

200 1y ©)

(based on treatment in Bar et al. 2021)
8 10 12 14 16

M bins [10° M)




Bar, Danieli & Blum (arXiv:2202.10179)

® N-body dynamics of GCs in an external potential.
® Dynamical friction processed in semi-analytic approach.

® GC mergers implemented via a prescription of mutual proximity and boundness.

Initial conditions:

® Spherical radial distribution of GCs, similar to the stellar body — though more extended.
® \We assume no mass segregation at GC birth.

® GC mass function: will only use the observed mass function in this talk.
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Simulations used to fit initial conditions to observations within a halo model

vs. stellar body R, = 1.9 kpc

/ \ unlikely?
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NGC5846-UDGH1 is a dwarf galaxy that host an extreme GC population
lts 54 GCs make ~13% of the total light
It likely started as dominated by star clusters (or at least bound

clusters?)

We find evidence for mass segregation of GCs across NGC5846-UDG'
We present a proof of concept that dynamical friction alone can
naturally explain the mass segregation trend

Under the assumption that GCs start relatively close to the stellar body,

the analysis supports the existence of a massive halo from photometry

only

Danieli et al. 2022 [arXiv: 2111.14851]
Bar, Danieli & Blum 2022 [arXiv:2202.10179]



