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Abstract

We continue to explore the relationship between the total number of globular GsEersNgc, and the central

black hole massd\.., in spiral galaxies. We present here results for the Sab gaIaX|es NGC 3368, NG®9436

and NGC 4826M64), and the Sm galaxy NGC 4395. The GC candidate selection is based(an-ie versus

(i —Ky) colorcolor diagram, and-band shape parameters. We determind/thesrsusNgc correlation for these
spirals, plus NGC 4258, NGC 253, M104, M81, M31, and the Milky Way. We also redetermine the correlation for
the elliptical sample in Harris et al., with updated galaxy types from Sahu et al. Additionally, we derive the total
stellar galaxy masdyi=, from its two-slope correlation witNge, and t M. versusM= for both spirals and
ellipticals. We obtain log/. (1.01+ 0.13 log Ngc for ellipticals, and logM.  (1.64+ 0.24) log Ngc for late-

type galaxiegLTGs). The linearM. versusNgc correlation in ellipticals could be due to statistical convergence
through mergers, unlike the much steeper correlation for LTGs. However,N tlegsus total stellar magisl«)
parameter space, witllx derived from its correlation witNgc, M.  (1.48% 0.18 log M=« for ellipticals, and

M. (1.21+ 0.16 log M= for LTGs. The observed agreement between ellipticals and LTGs in this parameter
space may imply that black holes and galaxies coevolve throalghaccretion, active galactic nuclei feedback,
and other secular processes.

Uni ed Astronomy Thesaurus concefisilaxy formation595); Galaxy evolution594); Spiral galaxieg1560);
Globular star cluster&56); Star cluster§1567); Classical black hole@49); Black holes(162)

Supporting materialmachine-readable tables

1. Introduction Exciting as these correlations are because of the clues that
they may provide regarding galaxy formation and assembly,
and about their possible coevolution with the central black
hole, they are not without controversy. While Ferra(2602),

Baes et al.(2003, and Davis et al(2019h state thatM.
correlates with the disk maximum rotation velocity and hence

It is widely accepted that all massive galaxies contain a
supermassive black ho{(8S8MBH). In spheroidal systems, the
masses of the SMBH$J., correlate with other properties of
their host galaxies: the bulge luminodtlye M.—Ly,4c relation,

e.g., Kormendyl 993 Kormendy & Richston&995, the bulge X
mass(the M.—Mpge relation, e.g., Dressler989 Magorrian with the dark matter halo mass, Kormendy & Ben(B91])

et al. 1998, the bulge stellar velocity dispersigthe M.— Letlort that k()jl:iﬁktholes doI ntqt correlate direlctl_)]/c \g}ith dalrk mﬁtter
relation, e.g., Ferrarese & Merrg00Q Gebhardt et ak000 aloes, and that a correlation appears only 1t the galaxy has a

: ' bulge. Likewise, Kormendy et a{2011) contend that black
{ahned'vtlh_e fa:r;argg;t?; iﬁfwmagﬂg\% i('): grnggggﬁ;ogfg ,to holes do not correlate with either disks or pseudobulges. Davis
depend on the galaky merger historyBogdan et al2018 et al. (2013 argue thatM. actua_llly correlates with the disk
Sahu et al2019, and theM.~My, e relation depends on the ~ Mass: albeit with a low correlation coefent,r = 0.3. .
morphology of the galaxfSavorgnan et al201§ van den Inyestlgatmg the' limits and deviations of these spalmg
Bosch201§ Sahu et al20193. Graham(2012, Graham & relations, i.e., at high and low masses, may be particularly

Scott(2013, Scott et al(2013, and Davis(20193 nd that ;‘Sef”'t.for e thef Pracesses tg"fh "’?rebl'”"f"r’]e? in Fthe
there are correlations betwelg and the luminosity and mass ormation and €volution of galaxies and their biack noes. or
example, the logM. versus logM= correlation, withM= being

of the bulge, but that the slope is steeper for spiral bulges with

Sérsic prole than for early-type galaxie(ETGs), irrespective - at;r?d t?;?;_?yalgxy;&tlilil:é_rrné:)s \?;ns g:ﬁnt)S(Elr(()zrgi @m ggt;‘sETGS

of whether the latter are betteted by a Sérsic or a core-Sérsic (20193 ang Sghu ot a(2019.6) nd that the slope for’ LTGs is

pro le. between 70% and 100% steeper than the nearly linear one
followed by ETGs. Davis et a[20193 rules out that such a

Original content from this work may be used under the terms .. L
J ; o may : steep correlation in LTGs could be due to statistical convergence

of the Creative Commons Attribution 4.0 licendeny further ) . .
distribution of this work must maintain attribution to the aut§and the title throug‘h h|era.rch|cal' _ga|aXy forma“c(ﬁeng _2007,' Jahnke &
of the work, journal citation and DOI. Maccio201D); in addition, as the LTG in their sample sit on the
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Table 1
Observation Log
Galaxy Filter cen FWHMP Exposure Camera Pixel Size Program Date
S arcsec
NGC 3368 u (302 3537A 867A 5200 Megacam 0.186 18AF99 2018 June 16
19AF03 2019 March 4
g (401 4873A 1455A 1000 Megacam 0.186 11ACO08 2011 March 1
i (702 7776A 1508A 1600 Megacam 0.186 11AC08 2011 March 1
Ks 215 m 033 m 1660 WIRCam 0.307 17AF12 2017 April 18
NGC 4395 u’ (302 3537A 867A 1500 Megacam 0.186 18AF99 2018 June 14
g (402 4720A 1520A 400 Megacam 0.186 18AF04 2018 May 23
i (703 7764A 1554A 200 Megacam 0.186 19AF03 2019 April 3
Ks 215 m 033 m 460 WIRCam 0.307 18AF98 2018 July 12
NGC 4736 u (302 3537A 867A 6900 Megacam 0.186 18AF99 2018 May 23, June 12
19AF03 2019 March 4
g (401 4873A 1455A 1645 Megacam 0.186 13AS03 2013 February 15
r (601) 6282A 1219A 3304 Megacam 0.186 13AS03 2013 February 13, 15
i (702 7776A 1508A 1127 Megacam 0.186 13AS03 2013 February 12
Ks 215 m 033 m 760 WIRCam 0.307 17AF12 2017 April 8
NGC 4826 u (302 3537A 867A 9600 Megacam 0.186 18AF99 2018 May 23, June 13
19AF03 2019 April 3
g (401) 4873A 1455A 2345 Megacam 0.186 11AC08 2011 March 1
13AS03 2013 February 13
r (601) 6282A 1219A 4963 Megacam 0.186 13AS03 2013 February 15, 17; May 3
i (702 7776A 1508A 1827 Megacam 0.186 11AC08 2011 March 1
13AS03 2013 May 2
Ks 215 m 033 m 880 WIRCam 0.307 17AF12 2017 April 13

Notes.
:The central wavelength between the two pointsnieg the FWMH(http// svo2.cab.inta-csic.esvad theory fps3 index.php?i¢ CFHT/ ).
Ibid.

same correlation, regardless of whether they contain an activever 7 orders of magnitude in the halo mass, from dwarf
galactic nucleu¢AGN), they call into question the relevance of galaxies to galaxy clusters, with a strongly declining dispersion
AGN feedback to the relation. Reines & Volont¢#015 with increasing massNgd Noc ~ M/2 (Forbes et al2018
analyze two samples, one of ETG and classical bulges, mosthBurkert & Forbes2020.
without active AGNs, and another of LTGs with active AGNs.  The study of GC systems in spiral galaxies has been
They nd similar slope$l.4 and 1.0, respectively, i.e., less steep hampered by the sparsity of their GCs, compared to ellipticals,
for LTGs), but with an offset of more than 1 order of magnitude and has been mostly limited to edge-on objects, given the
at log M«/Me  10. In the same parameter space, Simmonsdif culty of detecting individual GCs projected on a spiral disk.
et al. (2017 determine that the slope for a sample of AGNs in Until relatively recently, there were onlywe spiral galaxies
disk-dominated, merger-free, galaxies is 1.2, roughly equal towith precise measurements of bdigc andM.: the Milky Way
that of the bulge sample in Haring & R{2004, and with a (MW, Sbhg, M104 (Sg, M81 (Sah, M31 (Sh), and NGC 253
small offset of 0.2 dex at logM«/ Mg = 10; they hence  (So. Burkert & Tremaing2010 only included the rst four,
conclude that mergers are inconsequential for the coevolution oind readily noticed that, while M31, M81, and M104 fall right
black holes and galaxies, and that secular processesalike  on the NgcSM. correlation for ellipticals, our Galaxy has a
accretion and AGN feedback, are more fundamental for galaxyblack hole that is about 1 order of magnitude lighter than
assembly and black hole growth. expected from itdNgc. They also observed that, compared to
An intriguing correlation, given the extremely disparate M1, M81, and M104, the MW has both a later Hubble type and
scales, is the one between the central black hole mass and thgossibly a pseudobulge, and therefore hypothesized that these
total number of GC&\gc; Burkert & Tremain201Q Harris & factors could be related to its noncompliance with the
Harris 2011, Harris et al. 2014. The correlation can be correlation.
expressed adlgc r ME9%°%10 and spans over 3 orders of  We are in the process of studying te- versusM. correlation
magnitude. Possible causal links have been proposed, fomn all nine spirals with preciseldck hole measurements within
instance, feedback by the jets of AG(dsy., Silk & Ree4.998 16 Mpc: NGC 1068, NGC 3368, NGC4051, NGC4151,
Fabian2012 and cannibalization of GCs by black holesg., NGC 4258, NGC 4395, NGC 4736, NGC 4826, and NGC 5055,
Capuzzo-Dolcetta & Donnarumn2801 Capuzzo-Dolcetta &  although so far we only have full data sets for NGC 3368,
Vicari 2005 Capuzzo-Dolcetta & Mastrobuono-Batti209 NGC 4258, NGC 4395, NGC 4736, and NGC 4826. The bulge
Gnedin et al2014; as it is roughly linear for ellipticals, it has type was not considered when selecting the sample, but with one
been argued that it could be due to statistical convergencexception all of them seem to have a pseudob(Kgemendy
through merging. On the other hand, GC systems are known teet al. 2010 Kormendy & Ho 2013 Kormendy 2013, while
be very good tracers of the galaxy virial méssg)., Blakeslee = NGC 4258, NGC 4826, and NGC 5055 may also have a classical
et al. 1997 Spitler & Forbes2009 Georgiev et al.201Q bulge. The single exception, NGC 4395, is a pure disk, bulgeless,
Hudson et al2014 Harris et al2017). This correlation is good  spiral (Filippenko & Ho 2003 Kormendy & Ho 2013. For

2
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Figure 1. CFHTI -band images, asinh scale. Top left: NGC 3368; top right: NGC 4395; bottom left: NGC 4736; bottom right: NGC 4826.

Table 2 example, Sauvaget et @018, they can also be formed by major
PSF Star Parameters mergers of gas-rich progenitors in the distant universe.
FLUX - In this paper, we present new measurements and analyses of the
RADIUS MAG AUTO GC systems of the Sab galaxies NGC 38886), NGC 4736
. , — (M94), and NGC 4826(M64), and the Sm galaxy NGC 4395.
Galaxy Filter Mmpixel Max Mmmag Max NPSESIIs  Their surface brightnessictuation(SBF distances ar0.4 13
- Mpc for NGC 3368, 5.@ 0.4Mpc for NGC4736, and
Necsses w220 200 o0 239 et 7.3+ 0.7Mpc for NGC4826(Tonry et al. 2001 Blakeslee
g ' ' ' ' et al.2010. NGC 4395 is completely devoid of a bulge and hence
[ 130 160 170 230 5306 s A
Kq 110 160 155 200 1162 lacks an SBF measurement; we adopt a Cepheid distance of
NGC 4395 u 1.80 2.40 17.0 23.0 2379 4.3+ 0.4 MpC (Thlm et aIZOOZD The masses of their central
g 1.70 220 17.0 230 3937 supermassive black holes e+ 1.1) x 10° M, for NGC 4395
i 160 210 150 215 3741 (Peterson et al2009; (7.5+ 1.5 x 10°M, for NGC 3368;
Ks 110 160 160  20.0 449 6.8 12 q 1 M. for NGC 4736; and1.6+ 0.4 x 10° M, for
NGC 4736 u 200 270 155 220 1296 NGC 4826(Kormendy & Ho2013. Their inclinations to the line
g 310 370 160 229 3112 of sight are 462 (NGC 3368, 337 (NGC4395, 356
r 320 370 155 220 4302 (NGC 4736, and 575 (NGC4826; de Vaucouleurs et al.
||< i'gg i'gg 12'8 ig'g 53%‘1)7 1991). We take the following position anglé@A; north to ea3t
NGC 4826 E 550 310 150 230 2300 iIGéNA%CZ:g%& 147 (NGC 4395, and 118 (NGC 4736 and
? i:gg g:gg 12:8 ;28 :ig In order to identify globular cluster candida@&CC9 in
i 180 220 160 220 4805 these galaxies, we apply tiig* i) versus(i a Kg) diagram
Ks 110 140 155 205 519 techniquglu*i &g, hereafter It is extremely powerful to isolate,

in different regions and according to their stellar populations and
star formation histories, foreground Galactic stars, background
completeness, we should mention that M31 and M81 havegalaxies, young clusters in the disk, and GCCs. In addition,
classical bulges, NGC 253 and the MW have pseudobulges, an@bjects in such separate areas of the plot also differ in their light
M104 has both a bulge and a pseudobu{germendy & concentration parameters, at least up to a distancd®Mpc

Ho 2013. Pseudobulges are widely considered the product of(Mufioz et al.2014. The ef cacy of the procedure has been
secular evolution with few major mergegesg., Kormendy & corroborated by Powalka et 2016 in M87, and by Gonzéalez-
Kennicutt2004 Athanassoul009, although according to, for  Lopezlira et al.(2019, with Optical System for Imaging and

3
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Figure 2. Completeness tests, recovered aiél point sources. Top left: NGC 3368; top right: NGC 4395; bottom left: NGC 4736; bottom right: NGC 4826. Colors
indicate points from artcial images that were actually used in ths, to ensure the samples of all regions were statistically equivalent.

low-Intermediate-Resolution Integrated Spectros¢@$IRIS Except for NGC 4395, the, i , andr data are archival, and
observations of the GC candidates in the megamaser prototypeere originally secured through programs 11AJE8: G.

NGC 4258. The method allows for a very low contamination of Harrig, and 13AS03(PIl: Zhao-Yu L). Theu and K¢ band

the samples from foreground stars, background galaxies, anémages, as well as all the NGC 4395 data, are ours, and were
young stellar clusters, even in disk galaxies that are notacquired through programs 17AF12, 18AR®9: K. Alamo-

completely edge-on, and in the absence of radial velocityMartine3, and 19AFO3(PI: Y. Ordenes-Bricef)o _
measurements. To avoid saturation, individuds exposures of the galaxies

were only 10s long. For NGC 3368, one image was taken in
each of the four quadrants of the WIRCam, before nodding the
2. Data telescope to obtain a sky exposufd 2apart. The other three
) ) . galaxies were observed in an approximately circular pattern
All the data for this work were obtained with the Canada- yith a radius of 1/6. Given their large diameters compared to
France-Hawaii TelescopfCFHT), the optical images with  the WiIRCam FOV(i.e., Rs 6.6, @8, and5, respectively,
MegaCam(Boulade et al2003, and theKs-band ones withthe  for NGC 4395, NGC 4736, and NGC 4826; de Vaucouleurs
Wide- eld InfraRed CamergWIRCam; Puget et al2004). et al. 1997), separatéalso 10 s lonysky frames were taken,
MegaCam has aeld of view (FOV) of 0°96x 0° 94, with a  respectively, 25 (NGC4395, 1°5 (NGC473¢ and 35
plate scale of 0186 pixeP*, while the FOV of the WIRCamis  (NGC 482§ away, with the same circular pattern, using the
21 x 21, with a plate scale of ‘B07 pixeP'. Brief targetT)-sky(S) sequence STTSSTTSS...TTS.
descriptions of the detectodayouts, cameragperformances, Before combining them into mosaics, the individual optical
and data reduction procedures are given in Gonzalez-Lopezliramages were recalibrated with the MegaPipe pipeline
et al.(2017). Tablel provides a summary of the observations. (Gwyn 2008, in order to achieve astrometric internal and

4
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Figure 3. Completeness tests. Top left: NGC 3368; top right: NGC 4395; bottom left: NGC 4736; and bottom right: NGC 4826lidriismes to recovered
fractions(dot9 vs. Ks mag with Equatiorf2). Colors(red, blue, green, gojdefer to the centermost ellipse, and inner, middle, and external annuli, respeBtively.
dotted linesndicate the 90% and 50% completeness values.

Completeness Fit Parameters

Galaxy Region Miim cutoff
Ros Ks AB mag

NGC 3368 0.§0.5 22.89+ 0.09 222 0.71 0.69 0.05 0.64+ 0.06
0.551.0 22.98+ 0.03 2.24+ 0.20 0.94+ 0.20 0.96+ 0.20
1.051.4 22.69+ 0.05 2.7+ 0.83 0.99 0.83 1.03t 0.83
1.451.7 22.65+ 0.02 3.68t 0.66 0.97+ 0.66 1.03 0.66

NGC 4395 0.605 22.14+ 0.05 3.09t 1.15 0.46+ 0.02 0.46+ 0.03
0.551.0 22.10+ 0.01 477+ 0.26 0.97+ 0.26 0.98+ 0.26
1.051.4 22.23 0.01 5.08t 0.23 0.98+ 0.23 1.00+ 0.23
1.451.7 22.16+ 0.01 4.26+ 0.36 0.9+ 0.36 1.01+ 0.36

NGC 4736 0.805 22.52+ 0.23 0.90t 0.45 0.50t 0.08 0.62+ 0.14
0.551.0 22.63t 0.03 2.72+ 0.32 0.95+ 0.32 0.92+ 0.32
1.051.4 22.73 0.05 2.36+ 0.43 0.98+ 0.43 0.98+ 0.43
1.451.7 22.73t 0.01 5.0+ 0.41 0.99t 0.41 0.98+ 0.41

NGC 4826 0.805 21.87+ 0.11 1.86+ 0.65 0.24+ 0.01 0.21+ 0.02
0.551.0 22.48+ 0.05 2.33 0.19 0.83t 0.19 0.74+ 0.19
1.051.4 2257 0.04 3.64+ 0.98 1.01+ 0.98 0.98+ 0.98
1.451.7 22.67+ 0.02 3.82+ 0.68 0.97+ 0.68 1.01+ 0.68
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Figure 4. Morphology variations across thei Ks diagram. Top: NGC 3368; second row: NGC 4395; third row: NGC 4736; bottom: NGC 4826. Indicators of shape
in thei band are coded as shown by the color bars: FWI#f) and 100x SPREAD_MODEL(right).

external accuracies of’04 and 015, respectively, and a accuracy of 01. Both MegaPipe and WIRwolf render images
photometric accuracy of 0.03 mag. TRgband mosaics were  with photometry in the AB systenfOke 1974, with zero
produced with the WIRwolf pipelingGwyn 2014, which sky points (zp set to 30 mag. Figuré shows images of the four
subtracts individual images and achieves an internal astrometrigalaxies in thé band.
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Figure 5. (U" —i) vs. (i — Kg colors and structural parameters of sources in and closely around the selection region of NGC 3368. Top: FWHM:; bottom:
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Table 4
Turnover Magnitudes and GCLF Ranges
NGC 3368 NGC 4395 NGC 4736 NGC 4826
Filter M° mio mp 03T mio mb 03T mo mbp 03T mi mp 03T
mag mag mag mag mag mag mag mag mag
) §596 2412 2052 md 272 2221 1951 m% 2449 2253 1893 ml 26.E 2336 2006 m’ 26.6
§7.20 2288 1928 m{, 2648 2097 1827 m?, 2367 2129 1769 ml, 2489 2212 1882 m?, 252
r $7.69 2240 18.80 mP% 26.00 2048 17.78 mY% 2318 20.80 17.20 m° 2440 2163 18.33 m? 24.93
[ §7.92 2216 1856 mS 2576 2025 1755 mY 2295 2057 1697 m¢ 2417 2140 1810 m% 24.70
Ks $8.1 22.0 199 md 256 20.1 185 md 228 20.4 184 md 240 21.2 193 md 245

3. Detection and Photometry in Table2. A detailed description of this procedure is presented
in Gonzalez-L6pezlira et R017. The spatial variations of the

SF were modeled with polynomials of degree 3. To create the
PSF, the ux of each star was measured in an 18 pixel aperture
in all bandgequivalent to 33 in the optical and’b atKy); such
aperture, determined through the growth-curve method for each

(Eassband, is large enough to measure the tatabf the stars,

Source detection and photometric measurements in all th
stacked images were carried out with SExtra¢Bertin &
Arnouts 1996 and PSFEx(Bertin 2011). The detection was
performed on images from which their mediadtered version
was subtracted; faint sources are detected more easily in
median-subtracted image. All median images were produced,; small enough to reduce the likelihood of contamination by
with a 31x 31 piX’ median Iter. Conversely, the photometry extraneous objects.
measurements were made on the original stacked images. PSFEXx
employs point sources detected inrat pass of SExtractor to
build a point-spread functioPSH model that SExtractor can 4. Completeness
then apply in a second pass to obtain PSF magnitudes of sources. Completeness tests were only performed onKhéand
We chose adequate PSF stars manually, based on theihosaics; these are the small@sd shallowest images and, in
brightness versus compactness, as measured by SExtract¥ict, set our object detection limits. In order to determine the
parameters MAG_AUTO(a Kron-like elliptical aperture  GC detection completeness aguaction of the magnitude,
magnitude; Kron1980Q and FLUX_ RADIUS (similar to the 65,000 articial point sources were generated for each
effective radiu their values for eachlter and galaxy are given  galaxy, based on their respectikg PSF model, in the
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interval 19 mag my_< 24 mag, and with a uniform, or box-

size® GCCs are mostly unresolved in tgband images. The

8

07307 or 6 pc,

7 pc,

NGC 4395, NGC 4736, NGC 4826, and NGC 3368, respectively.

11 pc, and 14.5 pc at the distances of

Top: FWHM; bottom:

arti cial objects were only added 500 at a time, to avoid
shaped magnitude’ distribution. Due to the WIRCam pixel creating articial crowding; that is, a total of 130 images with
simulated sources were produced for each galaxy. The
positions of the added sources were random, and assigned
without regard to the positions of other acial objects or real

sources.
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Arti cial sources were then recovered by running SExtractorellipse(within 0.5Rs), all recovered sources were used; hence,
on each one of the simulated images, with the same parameteil dots appear colored in both black and red.
used for the originaKs galaxy images, and crossmatching the In the case of a box-shaped magnitude distribution, the
positions of all detections with the known input coordinates of fraction of recovered arteial sources as a function of
the added objects. Sources with SExtractor output parametemagnitude is often well described by the Pritchet function
FLAGS 0 were eliminated; this operation excludes aitl (e.g., McLaughlin et al1994):
objects falling on top of other artial or real sources, and
hence discards preferentially added objects in crowded regions. 1
The restriction FLAGS 0 was also applied in the selection of fP (m) > 1
true sourcegsee Sectiof). \/ 1

As done previously with NGC 4258 by Gonzalez-Lépezlira
et al.(2017), for all the galaxies we estimated the completenessm, is the magnitude at which completeness is 50%, apd
in four different regions within 1.7R,s: an ellipse with determines the steepness of the cutoff. However, in the case of
semimajor axis equal to OFys, and three elliptical annuli from  crowded regions, where even at bright magnitudes the
0.5 to 1.0Ry5, from 1.0 to 1.4R,5, and between 1.4 and 1.7 recovered fraction isat but< 1, better ts are obtained with
Rxs. With the exception of the innermost ellipse of NGC 3368, 5 modi ed Pritchet function:
all regions have axis ratios and PA equal to those assumed for
the observed disks of the galax{esspectively, 0.69 and %or 1
NGC 3368, 0.82 and 147for NGC 4395, 0.81 and 125or ey L oy Dot M) g
NGC 4736, and 0.54 and 11%or NGC 482§; the PA of the 2 V1 Buer(M  mim)?
central ellipse of NGC 3368 follows the alignment of the
surface brightness there, and hence differs from the orientatiomere, is the asymptotic value of the fraction at bright
of the outer isophotes. With the goal of estimating complete-magnitudes, and is the fraction at the cutoff.
ness with statistically equivalent samples, for each region we For each one of the galaxies, the quotient of recovered to
considered a number of added sources inversely proportional tadded sources as a function of output PSF magnitude tvas
its area; in other words, for the inner ellipses the cidl with Equation(2), separately for each region. The recovered
sources from all 130 images were taken into account, whereagractions (dot and their ts (solid lineg versuskgs mag are
only 43, 34, and 39 were included for thest, second, and  displayed in Figur&. It is quite obvious that the regions within
third annuli, respectively. On average, for each region we0.5R,5 are extremely affected by crowding and confusion due
consider 2000 arti cial sources in the cases of NGC 4395 and to partially resolved sources. This is true also for NGC 4395, in
NGC 4736, and 1000 for NGC 3368 and NGC 4826. Figlte  spite of the absence of a conspicuous lack of recovered sources
shows all recovered sources in black, and those from thein the central region. The values of the parametersny,
arti cial images actually considered in colors. In the innermost .y, , and are shown in Tabl8&.

Qutoff(m mim) : (l)
gutoﬁ(m Mim )2

9
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Figure 9. Spatial distributions of the GCC samples. Top left: NGC 3368; top right: NGC 4395; bottom left: NGC 4736; bottom right: NGC 4826. The GCCs are
shown agyreen- lled circles Dark blue ellipselboundary of areas where source confusion is higlsest text; solid cyan line Rys,

Table 5
i -band Shape Parameters of GCCs in NGC 3368

100x (SPREAD

Name R.A. J2000 Decl. J2000 _MODEL); a FWHM; a Teff.ia Shapé Index SN 2
deg deg arcsec pc

J104539 113944 161.4148 11.6624 0.06 0.42 <8.65 KINGx 30 235.8 7.99
J104546 120330 161.4185 12.0585 0.04 0.42 <9.36 KINGx 100 130.0 4.82
J104604 115505 161.5179 11.9183 $0.03 0.41 <1.37 KINGx 30 241.4 13.27
J104604 113655 161.5183 11.6154 0.05 0.42 < 8.01 SERSICx 2 74.8 2.33
J104609 120658 161.5413 12.1161 $0.04 0.42 <3.44 KINGx 30 104.1 4.63
J104626-113118 161.6091 11.5219 $0.07 0.41 <3.46 KINGx 30 88.9 3.83
J104633 120015 161.6379 12.0043 0.02 0.40 < 3.59 SERSICx 2 65.4 2.49
J104635 115918 161.6478 11.9886 0.10 0.42 <5.19 KINGx 30 86.1 2.20
J104635 114912 161.6493 11.8201 0.40 0.46 <1.07 KINGx 30 40.4 1.87
J104645 113554 161.6890 11.5985 $0.07 0.52 < 6.15 SERSICx 2 191.0 10.03
J104648 115012 161.7003 11.8368 0.30 0.46 <1.68 KINGx 100 61.6 5.50
J10465% 114819 161.7134 11.8053 0.75 0.54 <2.66 KINGx 100 99.6 2.58
J104709 114112 161.7882 11.6868 $0.00 0.43 <231 SERSICx 2 184.2 7.38
J104756 113703 161.9601 11.6176 0.01 0.46 <6.00 KINGx 100 36.9 1.83
J104755 113503 161.9811 11.5844 $0.00 0.45 < 3.46 SERSICx 2 118.2 2.78

Note. Table5 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.
& ndex denotes concentration for King pes, exponent for Sérsic pries.

(This table is available in machine-readable fprm.
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Table 6
i -band Shape Parameters of GCCs in NGC 4395

100x (SPREAD

Name R.A. J2000 Decl. J2000 _MODEL); a FWHM ia effia Shape Indek S/N 2
deg deg arcsec pc

J12245% 332844 186.2204 33.4792 0.08 0.59 <3.40 KINGx 30 78.2 0.57
J122456 333230 186.2335 33.5418 0.11 0.60 <3.39 SERSICx 2 111.8 0.63
J122522 332549 186.3426 33.4303 0.12 0.59 <2.95 KINGx 100 46.4 0.48
J12252# 332015 186.3639 33.3376 0.05 0.59 <3.19 KINGx 100 87.8 0.92
J122529 332536 186.3734 33.4268 0.15 0.60 <2.48 KINGx 100 43.6 0.48
J122538 332654 186.4118 33.4486 0.49 0.70 <6.33 SERSICx 2 28.5 0.45
J12254% 333109 186.4210 33.5194 0.16 0.72 <2.86 KINGx 30 19.8 1.00
J122544 333016 186.4354 33.5046 0.16 0.61 <2.99 KINGx 100 15.4 0.50
J122548 333802 186.4535 33.6341 0.14 0.59 <3.09 KINGx 30 26.9 0.57
J122558 333154 186.4917 33.5318 $0.13 0.61 <1.86 KINGXx 100 10.1 0.51

Note. Table6 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.

& Index denotes concentration for King ples, exponent for Sérsic pries.
(This table is available in machine-readable fprm.

Table 7
i -band Shape Parameters of GCCs in NGC 4736

100x (SPREAD

Name R.A. J2000 Decl. J2000 _MODEL); a FWHM; a leffia Shape Indek SN 2
deg deg arcsec pc

J12494% 411056 192.4496 41.1823 1.30 113 8.28 543 KINGx 30 70.7 0.57
J12495% 411538 192.4633 41.2606 0.12 0.81 <1.44 KINGx 100 655.0 2.56
J12500% 411350 192.5053 41.2307 0.17 0.83 <3.75 KINGx 100 282.2 1.65
J125029 410951 192.6246 41.1644 0.10 0.84 <3.09 KINGx 100 83.2 0.81
J12503% 411039 192.6314 41.1777 0.89 1.10 5.82 3% SERSICx 2 44.9 1.06
J12503% 410949 192.6329 41.1638 1.03 1.18 5.74 0% KINGXx 30 29.3 1.04
J125033 405708 192.6415 40.9525 0.04 0.81 <2.89 KINGx 100 325.5 1.53
J125039 410913 192.6651 41.1538 1.05 1.06 6.69 3% SERSICx 2 61.0 1.41
J125042 410345 192.6786 41.0625 $0.01 0.79 <4.99 KINGx 30 92.1 0.95
J125043 410947 192.6807 41.1632 0.72 0.94 381 3% KINGx 100 241.2 1.34
J125045 410950 192.6902 41.1639 0.65 0.93 2.89 39 KINGXx 100 176.8 1.04
J125046 410210 192.6920 41.0361 0.72 0.94 393597 KINGx 100 4715 2.18
J12505% 410314 192.7138 41.0540 0.66 0.96 2.66 532 KINGx 100 140.9 0.90
J12505% 411341 192.7148 41.2282 0.57 0.93 2.54 3% KINGx 100 329.6 1.26
J125056 410327 192.7340 41.0576 1.18 113 <7.26 SERSICx 2 58.5 0.73
J125059 410949 192.7500 41.1637 1.44 117 13.055% KINGx 100 147.9 1.03
J12510% 410046 192.7577 41.0128 0.29 0.91 1.33 341 KINGx 30 44.4 0.88
J125104 410416 192.7698 41.0712 0.50 0.92 3.27 3% SERSICx 2 163.1 1.18
J125108 410404 192.7848 41.0679 0.69 0.97 3.00 938 KINGx 30 36.7 0.77
J125110 410856 192.7957 41.1491 0.63 0.94 3.87 5% KINGx 30 229.6 1.26
J125126 410710 192.8362 41.1197 1.32 1.17 8.97 048 SERSICx 2 93.6 1.03
J125130 410551 192.8767 41.0977 0.03 0.84 <3.24 KINGx 100 90.5 1.05
J12513% 410849 192.8828 41.1472 0.58 0.93 242 552 KINGx 100 608.9 1.83
J125143 410606 192.9315 41.1018 0.90 1.02 5.08 922 KINGx 100 192.4 0.96
J12514% 410439 192.9478 41.0776 1.09 1.08 8.08 338 KINGXx 100 147.0 0.86

Note. Table7 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.

& Index denotes concentration for King ples, exponent for Sérsic pries.
(This table is available in machine-readable foprm.
5. Selection of GCCs

The main tool used for the selection of GCCs is(thie i)
versusi a K.) colo—color diagranm(Mufioz et al2014). The

simultaneously the main-sequence turnoff, and the red giant
and horizontal branches of stellar populations. In this plane,

GCs occupy a region that is distinct from the areas inhabited by
background galaxies, on the one hand, and foreground Galactic

combination of optical and near-infrared data in this parametelstars, on the other. Objects in these various regions not only
space constitutes the most powerful photometric-only methochave different stellar populations, but light concentration
for the selection of a clean sample of GC candidates. It probeparameters that roughly distinguish GCs, which appear
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Table 8
i -band Shape Parameters of GCCs in NGC 4826

100x (SPREAD

Name R.A. J2000 Decl. J2000 _MODEL); FWHM,; Tefti Shape Indek SN 2
deg deg arcsec pc

J125549 213423 193.9550 21.5733 0.12 0.61 <242 KINGXx 30 296.5 455
J12560% 214923 194.0083 21.8233 0.48 0.69 28198 SERSICx 2 136.4 2.30
J125612 214638 194.0522 21.7773 0.12 0.58 <4.72 KINGx 100 34.1 1.04
J125613 214412 194.0544 21.7368 1.13 0.82 9.45 933 KINGXx 30 1315 1.28
J125614 214043 194.0592 21.6789 0.73 0.71 4.04 3% KINGx 100 136.5 1.44
J125615 214645 194.0648 21.7794 0.20 0.62 <4.62 KINGx 100 119.5 1.86
J125622 215134 194.0944 21.8597 0.15 0.61 < 2.01 KINGx 100 114.8 1.44
J125623 214054 194.0982 21.6817 1.10 0.78 7.21893 KINGx 30 188.4 2.36
J125625 214427 194.1082 21.7408 0.72 0.71 337 3% KINGXx 100 203.9 1.82
J125626 213440 194.1095 21.5779 0.10 0.62 <1.28 KINGx 30 137.0 1.33
J125626 214234 194.1124 21.7096 0.71 0.71 371 98 KINGx 100 173.8 2.65
J125628 214937 194.1207 21.8272 1.15 0.81 880, SERSICx 2 262.1 5.35
J12563% 214023 194.1364 21.6733 0.43 0.67 1.85 3% KINGx 100 80.2 213
J125633 213919 194.1416 21.6554 0.84 0.74 4.88 319 KINGx 100 182.8 1.13
J125638 214512 194.1583 21.7535 0.01 0.60 <5.98 KINGx 100 32.3 0.76
J12564% 213802 194.1709 21.6341 0.64 0.70 3.90 938 KINGx 30 82.2 0.86
J12564% 213641 194.1734 21.6115 0.58 0.69 2.86 933 KINGXx 100 159.9 1.20
J125642 213204 194.1761 21.5347 0.52 0.69 2.53 339 KINGXx 100 109.9 1.00
J125644 213848 194.1873 21.6468 0.79 0.73 438 3% KINGXx 100 185.4 2.14
J125646 213754 194.1954 21.6317 0.55 0.69 2.70 338 KINGx 100 82.2 1.01
J125649 214425 194.2065 21.7404 0.81 0.73 4.88 5% KINGx 100 151.2 1.52
J125654 215233 194.2275 21.8760 1.04 0.77 8.76 3% KINGX 100 109.5 1.16
J125655 213319 194.2323 21.5554 0.05 0.60 <5.97 KINGx 30 64.2 1.07
J125655 214633 194.2332 21.7761 0.97 0.77 6.74 332 KINGXx 100 151.3 1.02
J125714 213914 194.3117 21.6540 0.13 0.62 <1.44 KINGx 30 256.8 3.05
J12571% 213702 194.3225 21.6173 0.56 0.69 3.60 312 KINGx 30 79.0 0.87
J12572% 213816 194.3410 21.6378 0.98 0.78 7.40 318 KINGx 30 87.3 0.87
J125722 213659 194.3418 21.6166 0.03 0.61 <1.14 KINGx 30 208.9 2.46
J125723 214212 194.3472 21.7036 0.62 0.71 33758 KINGx 100 134.4 1.64
J125723 213711 194.3480 21.6198 0.80 0.74 472 3% KINGx 100 160.6 1.27

Note. Table8 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.
& ndex denotes concentration for King ples, exponent for Sérsic pries.

(This table is available in machine-readable fprm.

marginally resolved in the optical, from both point and resolved. The color limits have been chosen to highlight these

extended sources. differences. Objects in the reddish-brown cloud are mostly
Figure4 shows theu* i Ks diagrams for all the sources detected galaxies, while those in the blue band are main-sequence stars

in the images of NGC 336@op row), NGC 4395(second rowy in our Galaxy.

NGC 4736(third row), and NGC 482¢bottom row. All the data In between the galaxy cloud and the stellar band, the

have been corrected for Galactic extinction, using the values fronmselection region for GCCs is indicated by the gray contour. The

Schlay & Finkbeiner (2011 given for the Sloan Digital Sky  selection region was determined using data from the giant

Survey lters by the NASA Extragalactic Databdsespectively, elliptical M87 (Mufioz et al.2014 Powalka et al2016; it has

for NGC3368, A,=0.107, Ay=0.083, A=0.043, the shape of a drop or pennon, and contains more than 2000

Axs= 0.005; for NGC4395,A,= 0.073, Ay= 0.057, A= spectroscopically commed GCs in that galaxy. The technique
0.029, Aks= 0.008; for NGC 4736,A,= 0.075, Ag= 0.059, has already been applied to the spiral megamaser prototype
A= 0.041,A = 0.030,Acs= 0.005; and for NGC 48264, = NGC 4258(Gonzélez-Lopezlira et a2017), and its effective-
0.175,Ag= 0.137,A, = 0.095,A = 0.070,Acs= 0.012. ness in spirals assessed by Gonzélez-Lopezlira ¢2CGi9.

The sources are color coded by their light concentration inthe One difference with the observations of M87 and our previous
band, as gauged by the FWHReft column), and 10& the  \york on NGC 4258 is that a new Iter was used for the
dimensionless SExtractor parameter SPREAD_MODEIht  opservations presented in this paper. As a consequenas, the
column).™ In these panels, reddish-brown sources are extendedyminosity function turnovefLFTO) is slightly fainter, and the
blue sources are pointlike, and cyan sources are marginallysc selection region shifted 0.24 mag to the re¢uin- i ).

The spectroscopic observations of the NGC 4258 GCCs
% The NASAIPA Extragalactic DatabasgNED) is operated by the Jet report_ed by Gonzalez—Lopezllra_ et _62'019 found no'false
Propulsion Laboratory, California Institute of Technology, under contract with negatives, and a sample contamination of, conservativelg, 7
the National Aeronautics and Space Administration. or 30%, fully consistent with the 5000 contaminants found
10 For each object, the SPREAD_MODEL value results from the comparison by Powalka et al(2016 for the GCCs of M87, in a FOV 9
between its besttting PSF, and the convolution of such PSF with an . . '
exponential disk whose scale length is equal to the FWHM of said[P&Hai times |arger- Like M87 and NGC 4258, theI.dS of N_GC 3368, .
et al.2012. NGC 4395, NGC 4736, and NGC 4826 lie at high Galactic

12
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J104635+114912 J104651+114819

J125039-+410913 J125045+410950 J125131+410849

Figure 10. Grayscale images of GC candidates, from HST exposures. Top, left to right: }#04@3832 and J1046531114819, in NGC 3368. Bottom: J125039
+410913, J125045410950, and J125131410849, in NGC 4736.

latitudes of b= 5720, b= 8125, b= 7620, and b= 8424, Figures5-8 (left column show theu*i K5 diagram, FWHM
respectively. (top rowg, and 10& structural parameter SPREAD_MODEL
Gonzélez-Lépezlira et a(2019 also determined that the (bottom row$ of sources in and closely around the GCC
contaminants could be reduced by setting the light concentraselection region(gray contouy for NGC 3368, NGC 4395,
tion parameters SPREAD_MODELO0.015 and FWHM 29 NGC 4736, and NGC 4826, respectively. The GCa@al
pc (0”58 for NGC 3368, 140 for NGC 4395, 120 for samples for the galaxies are displayed in the right column.
NGC 4736, and 0082 for NGC 482%. Moreover, we only kept The spatial distributions of the GCC samples are shown in
objects withint 3 of the expected GC LFTO magnitude in Figure9. The members of the samples are displayed as green
every lter, except aKg, as Gonzalez-Lopezlira et §2019 circles on thei-band images of NGC 336§top lef),
realized that objects more than .7 brighter than the turnoff ~ NGC 4395 (top righ), NGC 4736 (bottom lef), and NGC
at that wavelength were potential contaminants. Other restric4826 (bottom righ}. The dark blue ellipses outline the regions
tions were an axis ratio 0.7 and an error MAGERR_PSF where source confusion is highest, inferred from the complete-
<0.2 mag, both in thé band, as well as FLAGS 0 in all ness simulations and the dearth of GCC detections. This
bands. The standard deviation of the GCLF depends on théboundary is located at 0.3%55 for NGC 3368, 0.2, for
galaxy luminosityJordan et al2007); based on their Equation NGC 4395, and 0R,5 for both NGC 4736 and NGC 4826.
(18), we have assumed 0.9 for NGC 4395, 1.1 for NGC 4826, The cyan circles indicatéys.
and 1.2 for NGC 3368 and NGC 4736Values of the LFTO Given the distances to the galaxies, as well as the resolution
in the optical were derived by combining the absolute LFTO of the MegaCam datd MegaCam pixet 0” 186; i.e.,; 3.9,
magnitude in theg band,Mé’ S7.2 mag(Jordan et al007), 4.5, 6.6, and 9.4 pc, respectively, for NGC 4395, NGC 4736,
with the (AB) colors given in the MegaCaniter system by NGC 4826, and NGC 3398 we have also been able to
(Bruzual & Charlo2003 models for an SSP with= 0.0004, calculate the half-light radiire, in thei band of all the
an age of 12 Gyr, and a Chabrier initial mass func{itvr; candidates. To this end, we used the progresHAPE
Chabrier 2003. The LFTO in theV band would be (Larsen1999 in the BAOLAB'? software packageSHAPE
M?  $7.4 mag. The LFTO magnitude in tie band was measures the size of a compact source by comparing its
taken from Wang et a(2014. The TO absolute magnitudes, observed light prde with models generated by convolving
observed LFTO magnitudes, and magnitude ranges of thelifferent analytical prdes with the image PSF. For data with a
GCLF are shown in Tablé. signal-to-noise ratiofS/N) 30, ISHAPE can measure g
reliably down to 0.1 the PSF FWHM, or 1.7 pc for

11 The MW GCLF has v = 1.15+ 0.1 (Jordan et al2007), also consistent =
with their Equation(18). http7/ baolab.astroduo.org
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