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INTRODUCTION

What are GI.SBGs" ” i | T |
] Low SurFace Brlghtness Galaxnes (I_SBGS) are tlnose galax1es clnaracterlzed on a surFace lorlglntness Famter than the |
one oFthe mghtsky M e s L e |

. 2 Fll’St reported on Freeman (]970) as : very umqué populatlon oF splral galames WItln surFace Iorlghtness ,uo< 2] b5

- mag/arcsec2 e

| 3 AFter the dlscovery oF Malm (Botlnun et al 987 |mpey 8 Bothun 989) It has Ioeen FouncJ that thlS galaxy
.: .contams an extencled ste”ar (JISL Flve tlmes |argerthan the M\/\/ (Borssner ZO]G) ' 5 5

| 4 Such extencjed ancJ massive sources are genumely rare, and are part oF tlwe 80~ ca“ecl Glant |_ow Sunface Brlghtness."' *

Galaxies (GLSBGs).

o) ”\ey present large neutral hyolrogen masses, the most massive H| systems.



INTRODUCTION

How do GLSBGs are Formed'?

|terature

| A numloer of mect\anlsms t\ave l9een proposed over the years tof.,-

'explam t|ne tormatlon OFGLSBS

) Extreme Iate type galaxues consummg gas at slower rate tt]an normal |

| ,.galaXIes

n) Formect From rare cJensuty peal(s (30) wntt\m Iow densuty enwronments

--.”') Formed In lngln spin. DM halos

IV) DlSl( mstal? ities causing materlal to mlgrate outwards

v) Aecretlon ot satelllte galaXIes.

vi) They are tlne result ot head-on eollisions.'

vii) GLSBs Form In massive ancJ raretied (Jarl( matter halos, henee sha”ower

gravitational potential we”s tt\an normal galaxies

Jp to 2020 aloout 83 GI_SBGS have Ioeen rePOYtecJ . the:

Zhu et al. (sulomitted)
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A summary of GLSB galaxy discoveries since 1985.



THE SAMI'—"I.E

GLSBGs in the IllustrlsTNG 'IOO cosmologml SImuIdtmn |

We erﬁployed the TNG - OO 'ruh o{:'the “utrlsTNG PFOJeCt among sumplementary galaxy catalogs whrcln mclude the

| halo spin parameters (ZJupa 8 Sprmge 2017) as vve“ as galaxy merger hlstorles (Rodrlguez Gomez 2015)

G SBGS Cano{ dates are selectec based on t.’lell’ |-|| CJIStI’IIQUtIOﬂ sucln that R H|> 50|<PC where R Bl 1S measured- |

~ where the surFace mass (JenSIty crops Ioelow M@pc

.. Due to -the Hl size-m'a'ss relation” this natura”y implies a large total H| mass, alo'ove | Mo e Bl

| From vnsual mspectlon galaX|es wnth wraped Features (those wnth undergomg mergers) are removed From tke- s

GLSBGS cancl (Jates . - |
ﬂ]e total numloer OFGI_SBGS candidates is 203



THE SAMPI.E

GLSBGs in the IIIustrlsTNG 'IOO cosmologmc:l smulqtlon
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The Sdmple

'Paired" Contro Scmples and ”Normc:l” Gc:lcmes .

CGLSB g NGC765
paired control| palin1 W e o

s \Wang+2016 A P
% Lutz+2016 e

T

e

Zhu et al. (sulomitted)

\/\/e constructecl two sets oF Control Samples {:or statlstlcal

UFPOSGS FOY comparlson

) A Palred Control Samp]e For a glven GLSBG we search the

. closest nelg%our in the M MDM MHI plane

A n) Normal Galaxnes Consustmg in all the galaXIes in Tl\ OO within .
'the ste”ar mass range o{jthe GLSBG sample ( O 2 < Iog( *) < HG ) &

it :gf_h_ : ;
- , -' .: g 3

Ne  mass- size relatlon in these GLSBGS s consnstent Wlth"

pservations, anc{ s we“ Fltted |9y the V\/ang et al (ZO )

regreSSIon.



RESULTS

Main galoxy prope’rtie_'s'_ o

paired control I
all galaxies
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log (Mpy/M)

GI_SBS are mostly masswe systems wnth total cJarl( matter |

mMass above O MOancJ ste”ar MassS alﬂove O M

Zhu et al. (Sulomitted)
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Fe>0 7pea|<s at \/max = ZOO |<m/s ancJ drops towachs Iooth hngher _
and lower Vmax. ﬂme chop oF e>0.7W|th Vmax > 200 l<m/s

reflects a transition from ear y type to late-type galaxies. 6




RESULTS

Main galaxy prc_:perf_tlel_ls._ L 'f:- Fe>07 ﬂfe' Fractlon ToFs'tar's wifh éircularity e>0.7

GLSB
paired control ” g

| The lack of GLSBGs at Vmax < 150 km/s is a result of the strict cut at Rle 50 kpc.
Some galaxies with smaller RH|oou|d be also classitied as GLSBGs. Therefore, the
number of GLSBGs in our sample should be interpreted as a LOWER LIMIT.

e paired control
all galaxies

T 11.5 12.0 12.5 13.0 13.5 G . 20 59 2 4
g (I\ID M/l\l E:') . - log( ma*{/ kIIl/ S)

GI_SBS are mostly massuve systems wuth total clark matter = {:e>0 7pea|<s at \/max = ZOO |<m/s ancJ drops towachs lﬂoth hlgher ,
mass al)ove O M @ancl ste”ar mass aloove O M and lower \/max. ﬂme chop o{j i Wlth \/max > ZOO Lm/s

L. (sulomitted) reﬂects a transition from early type to late-type galaxies. 6




RESULTS

Color- mdgnltude dIOIgI‘OIm omd Stclr Formqtlon e

6LSB galaXIes o{"ten contam hlgh sur{:ace Iorlghtness mner-

components

DF]Cuse U\/ emission has Ioeen cJetectec' in a number of

- GLOBGs, wlnch is a sign. o{j current star formation aCtIVIty |

, (O Nellet al 2007 Bonssueret al 2008 20 6)

ﬂme color lﬁlmodallty separates the a” 'NG OO galaXIes .
mto two we | (Jejfmed peaLs. For GLSBS the peal( 1Cor lolue o

galaxies IS apsent.

. Zhu eta|.-(su|9-mitted). |

. I
I GLSB
. paired control

— 3l galaxies

| Galaxy LIRS (Jistril?utions For GI_SB control ancJ”a”

INGTO0 galaxies atz=0.



RESULTS

Color- mdgnltude dlcgrdm c:nd Stclr FOFMCltIOh —

. GLOB galaXIes o{"ten contam l}lgh sur{:ace lorlghtness mner--._‘

components

_Dguse U\/ eml“SSIon has Ioeen detected In a numloer oF .
GI—SBGS WL\ICh lS a sign o{j current star Formatlon actnvnty &

, (O Nellet al 2007 Bonssueret al 2008 20 6)

ﬂme color l?lmocJallty separates the a” 'NG OO galaXIes .
_ mto two we [.-(Je}fmed peal(s. For GLSBS the peaL For lolue i

galaxies IS apsent.

red sequence

Zhu et al. (submitted) | | .

® control
= green valley



RESULTS

Color- mdgnltude dlcgrdm and Stclr Formqtlon -y huet al. (subnitted)

red sequence

. GLOB galaXIes o{"ten contam l}lgh sur{:ace lorlghtness mner -.

components

_Dguse U\/ eml“SSIon has Ioeen detected In a numloer oF _
GI—SBGS WL\ICh lS a sign o{j current star Formatlon actnvnty &

, (O Nellet al 2007 Bonssueret al 2008 20 6)

7 ﬂme color l?lmocJallty separates the a” 'NG OO galaXIes o o ﬂ control
_ == green valley
| mto two we [_-delfmed peal(s. For GLSBS the peaL For blue 0

galaxies IS apsent.

|\/any GLSB galaxies arouncJ tlne dreen va”ey are in transition

lDetween tL\e olue and recJ galaxies, o{"ten sti” with ongoing star Formation activities.




RESULTS

Color- mdgnltude dIOIgI‘OIm cnd Stclr Formqtlon s '
— |t can loe oloserved that a good raction oF the GI_SBGS
GLSB |

paired control o .’Sample IS Characterlzeé by SI:R < @/yr
O'Neil+2007 e

Saburova+2020 L

ﬂns IS consnstent wnth that most 01C the galaXIes are.

"  locatecJ Eetween cJe green va“ey ancJ the red sequence

o GL5BCa ol e e i .

it r'emai'n'sdl Fuse no sngmﬂcant lngher Ievel oF star_'-'

| Formatron actlwty is seen.

A comparison of total star Formation rate (SFR) VS. the total B-IoancJ

Zhu et al. (sulomitted)

magnitudes for GLSBGs, compared with observational meassurements. 9



RESULTS

Mass dlstr'|but|on |
. For the total mass cllstrlloutlon the sol cJ curve shovvs"_ .
a Hat rotatlon curve WIth a me(Jlan value mf 240 -.
_ Lm/s consnstent W|t|n olﬂservatlons (Kasparova et al

20 4 Mnshra et al 20 7 Salaurova et al 202 end_

- ‘more.. )

"|t 1S only in the gas dlStrllﬁuthn that we Fmd

c”Ferences In the mass (JIStFI[?UtIOn wlwere the GLSB

sample contains larger £as masses
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The rotation curves, in tlne Form oFenclosed mass

\/rzot = GMen/r

o Zku et_'al; (sgbmi.tte&:) ;

dark matter




RESULTS

Spln Pc:rcumeter 6

I - GLSB
' I = naired control
== all galaxies

Zhu et al. (sul?mittecJ)

-”le medlan values {“OF the SPII’] parameter are O 088

- _and O 043 For the two control samples For GI_SBGS 2
18 O OGO ~40% larger In a good agreement wntq B

_ prewous studies employing snmulatlons (KUIIGF et al.

2020 -Perez M.Ontano et al. 2022) | w ; -



PESULTS . .0
Merger History -~ e Zhu et [subiniteed)
—— GLSB I . |[— oLssB

= paired control SUE i = paired control
- all galaxies o © 1| = all galaxies
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z of the last major merger 5 f(exsitu)
The GLSBGs sample contains a large number of galaxies GLSE galaxies consistently show 2 larger f(exsitu),
with major mergers completed 2-4 Gyr ago. Galaxies in most|y driven lvy mergers, similar to Pérez-Montafio et al.

control samples, loy contrast,have very recent mergers. (2022) 12



RESULTS

L Zhu eta-l.(s-ubmitt'ec{).

Environment
- (GLSB I
. == paired control |
|n general I_SBGS are most | Lely to be Founcl wnthm - all galaxies

“more |so|ated envuronments (Bothun et a| 993

| Rosenl?aum et al 2009 Resnetmkov et al 20
| '_Perez Montano & Cervantes Sodl 20 )

; GI_SBGS are. Founcl to 176 Further avvay {:rom thelr Bth
'CIOSGSt nelghloor when compared wnth ”a”” TNG

galaXIes, reﬂectmg a relatlvely |so|ated nature.




DISCUSSION

How do GI.SBGs form"

‘ axtreme |ate type galaXIes eonsummg gas at slower rate than nermal galames
Relatlve |so|att|on lech to the survnval oF |arge (J|sl<s already present however some galaXIes expenenced maJor mergers that 4

| cJusrupt ttre gas

\

I’ormed From rare (30) elenSIty peal(s wntn’in | ow denmty enV|ronments ..

' 'B_otq Control ancJ GI_SBGS are |ocated m more |so atec_ envuronments tkah ”aH” TNG OO galaX|es Iout they are- rarely Found m

| "VOIC"S'-._..-'."_"'--"

v } Formecl 1N tngh spm DM halos

: \/\/e Found that massive GI_SBGS wouch natura“y Form in massive halos wrtt] large SPII’] parameter

’,, DISI( mstab ||t|es oausmg materlal to mlgrate outwarcls | | ¥ )
Galaxies in our sample contains both early/late type galaX|es (as in Kulier et al. 2020) The built- up of SR disks from galaxy

mergers IS oloserve(J dlrectly Form animations. 14



DISCUSSION

How do GLSBGs form"

\,Accretnon oF satenlte gaIaX|es P

; leen that GI_S

| external ga-laxy

BGS are among tr\e mest Hl massrve ”slystemls an achrtlona| erranel orC eoch gas supply B needed sueh an -

a”mg mto rrost galaxres o

| Iney are t|ne result o{" r\ead on co“usmns

ﬂre tnmmg orC tlne ast maJor merger s srgmﬁeantly cJ gerent (2 4 Gyr ago) Re'een’.c%eo.llrs'iorrs ( ] Gyr) are expeetec From .

o "--prewous studles (\/lape“l et al 2008) Moreover 3 prerferentlal In- sprral Ol’QIt I8 oloserved wrnclr results |n a we“ a |gn'ed,::;

\ ? _gas ste”ar Components

l GI_SBS Form In massive and rarerfled (Jarl( matter halos rmence srra“ower graVItatlonal potentlal vve”s-'.' |

than normal galaxres i

No srgnnfleant difference is found in the dark matter mass (JIStI”IIQUtIOH

15






