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LSB galaxies rotation curves

emit much less light per area than normal galaxies

UGC 477 MALIN 1

Although following the large-scale structure of galaxies, they are
locally more isolated than other galaxies

r

~ Extended gas disks with low gas surface densities

~ Low metallicities makes gas cooling difficult
and the stars difhicult to form

~ Likely evolving very slowly with very low star formation rates


https://en.wikipedia.org/wiki/UGC_477
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Low Surface Brightness galaxies (LSBs)
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https://arxiv.org/abs/1805.07165



https://arxiv.org/abs/1805.07165

Low Surface Brightness galaxies (LSBs)
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Low Surface Brightness galaxies (LSBs)
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Low Surface Brightness galaxies (LSBs)
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Fitting model for the co-added RC:

VE(r) = Vi (r) + Vo ()
| |

exponential DM spherical
stellar disc cored halo
(Burkert)

(3 free parameters :
Mg

stellar disc mass

R, DM halo’s core radius

k £0 DM halo’s central mass densit}z




Low Surface Brightness galaxies (LSBs)

Contribution to o
the circular velocity from |
the i-component: 08l
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Baryonic fraction :
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NOTE: ~ radial dependence of [}
~ different fo(r) in galaxies of different size

~ different f»(r) in galaxies of different morphology




Low Surface Brightness galaxies (LSBs)

DENORMALIZATION PROCESS

v
All the basis to construct the SCALING RELATIONS are known
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LSBs
and
= Normal Spirals
= scaling relations
=
§v v
similar,

but not identical




Low Surface Brightness galaxies (LSBs)

All the basis to construct the SCALING RELATIONS are known

} smaller galaxies,
higher central DM mass density

Donato et al.
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Low Surface Brightness galaxies (LSBs)

All the basis to construct the Universal Rotation Curve (URC) are known
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From the fitting
scaling relations:
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Low Surface Brightness galaxies (LSBs)
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Moreover, further improvements by also including the compactness...indeed:

I—Og Md [Msun]
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Low Surface Brightness galaxies (LSBs)

Moreover, further improvements by also including the compactness...indeed:
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Low Surface Brightness galaxies (LSBs)

Moreover, further improvements by also including the compactness...indeed:
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Compactness
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higher stellar compactness <=  higher DM compactness

Why ?



RAR: Gravitational acceleration relation

CMCGaugh]relation between
gravitational acceleration g(7)
and
baryonic acceleration gp(T)

/ g(r)
\1 — exp (—

\
)

Log g(r) = Log

gu(r)
gt

gr = 1.2 X 107 1%ms=2
v

empirical universal relation

[g T )] at any radius

log(ggps) [m s

and
in any object

(2963 circular velocity measurements

~ . ;
153 rotationally supported galaxies

from SPARC sample,

~

-8

—-10¢

-11

-12

2693 points
20 < Vi < 300 km/s

Measurements

Newtonian

0 o
-06 -03 0.0 0.3 0.6

Residuals :(l('x:

12 —11

~10 —9

log(gpa) [m 8]
McGaugh et al. (2016)

-8



RAR: Gravitational acceleration relation

36 dwarf disk galaxies (Karukes & Salucci)

303 circular velocity measurements > 19 < Vop <6Lkm/s
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RAR: Gravitational acceleration relation

72 Low Surface Brightness galaxies 2 <V, < 300 km/s
b ° q ]
| (Di Paolo & Salucci) (T emit much less
1601 circular velocity measurements light per area
| than normal galaxies |
-9.0 _
McGaugh
-9.5 -
: o
-10.0 - £
% -10.5}
£ |
o - q o LSB galaxies
> _ :
3 -1 O- ::. EDDD@ o dwarf disc galaxies ]
: E 5 X = /Ropt
-11 '5'-' * Newtonian
i Red 0<x=<04
_120- : Magenta 0.4 <x<1 ]
I Blue x>1
2
-125 -120 -115 -110 -105 -10.0 -95 -90

Log gp[m/s?]



RAR: Gravitational acceleration relation

Baryonic fraction

1.0F .

NOTE:

radial dependence
N J

For all single data measurements ( 7, V(1) ) we evaluate:

g(?“) — V2 (r) / r =P only from observations (errors ~ 10%)

gp(r) = fu(r)g(r) =9 from observations + curves modelling  (errors =~ 20 — 30%)
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Dwarf disks
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LSB {33 — T/Roth
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g gb x test

2 different {:{: — Roth

morphologies,
2 different
surfaces
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C. Di Paolo et al, 2019, Apd, 873,106




g gb x test

Simple translations and/or dilations
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g, 6 9v , T single galaxies test

larger
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g, 6 9v T single galaxies test
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Conclusions from LSB analysis

~ LSB galaxies give rise to the URC

V (kmis)

~ LSB scaling relations similar but not identical to normal Spirals ones

~ relevance of the compactness in LSB galaxies — new hints?

phenomenological —> in the standard
understanding & .. baryonic +dark matter scenario

and
mass distribution properties

r_ 4

of our results and
McGaugh results
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Low Surface Brightness galaxies (LSBs)
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Low Surface Brightness galaxies (LSBs)
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Low Surface Brightness galaxies (LSBs)

Baryonic fraction in the whole galaxy
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Low Surface Brightness galaxies (LSBs)

DENORMALIZATION takes into account that all the double normalised RCs

are similar to their co-added double normalised RC
in each single velocity bin

!

good approximation :

the relations obtained

» R

2.0}
[ for the co-added RCs
1.8} are assumed to be true
g ol also for the single galaxies
4 Or
|
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- one relation
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1.0 — M d
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Log Rp (kpc) one different value
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V2(R

ort)  one different valuein each velocity bin
for a DM cored
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LSB {33 — T/Roth

Log g, ss(x, Log gy) = (1 4+ ax) Log gy +
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g, gv, r interpreting the evidence
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g, gv, r interpreting the evidence

large LSB galaxy transition
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g dgb

For completeness:

Dwarf Disk
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= g > gp everywhere in Dwarf Disk




Low Surface Brightness galaxies (LSBs)
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