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ABSTRACT
We investigate the growth of bulges in bright (Mp < —20) disc galaxies since z ~ 1, in rest-
frame B and Iband, using images from HST ACS and WFC3 in GOODS-South for high redshifts
(0.4 < z < 1.0) and SDSS for local (0.02 < z < 0.05). The growth history has been traced by
performing two-component bulge-disc decomposition and further classifying the bulges into pseudos
and classicals using Kormendy relation. We have about 27% pseudo and 40% classical bulges in our
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TABLE 1
SAMPLE SIZE FOR DISC GALAXIES WITH PSEUDO
AND CLASSICAL BULGES

Redshift  Rest Discs with Discs with Discs with
frame (B/7 = 0.1) pseudo bulges classical bulges

0.77-1.0 B-band 175 64 111

0.77-1.0 I-band 141 48 93

0.4-0.77 B-band 140 62 T8

0.4-0.77 I-band 109 44 65

0.02-0.05 B-band 64 27 37

0.02-0.05 I~band 59 24 35




=B {mag/arcsec?)

2a

22

o4

26

ot

[Tpumep gekomMnosnumm
B ABYX Nofiocax

g
=
m
&
X larsac)
||||||||||||||||||||||||
- Op—a8532c = 20
diae ] o
bulge ] L "
C full ] 5
I J o
L J e
- ] gil Bd
C ] Ee
i ] m =
L ] o2
e I O Lk P T =g
4] 1 2 3 4 2

SMA {arcsec)

¥ |argech

T T T [ T T T[T T T[T 1T

IR—29532c
dige

bulge

full

s

e

[

o

-
h

2 3 4
SMA {arcsec)

5B {mag/arcsec?)

it

B

26

28

a
X (arzac)
T T T T | T T T T | T T T T
i Op—22526p |
digc g
bulge -
full ]
0 1 B 3

SMA (arcsec)

Yarcsec

5B {mag/ arcsec?)

2a

B4

26

28

-1 1] i 2
X {arsach

IR—-22528p
diac
bulge
full

|\x|.£TﬂI

1 B
SMA (arcsec)



Knaccundpunkaumna dangxen Ha
Knaccu4yeckue (BHYTPW Mosochl
KopmeHaun) n nceBoobanku

0.02<2<0.05

0.77<2<1.0

0.4<2<0.77

-
o

—
o
L7 BB B

18 18

18 18

3

<SBe> (mag/arcsec?)

P I R A I T NI NI N B A
3
N L B B e L

S

6 02 04 08 08 1 1.2 6.z 04 08 08 1 1.2 02 04 06 08 1 12
Log Reb (in kpe) Log Reb {in kpc) Log Reb (in kpe)

Fia. 2. The solid line, in each of these three plots, depicts the Kormendy relation obtained for elliptical galaxies, in rest-frame B-band,
in that redshift range. The dashed lines on the two sides of the solid line, represent the +30 boundaries for a fixed slope. The dots refer
to our sample of dises with bulges which hawve been placed according to their rest-frame B-band bulge parameters, i.e, average surface
brightness and effective radius. Sources falling within the 3o boundaries are identified as disc galaxies with classical bulges and those below
are identified as discs with psendo bulges.
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TABLE 2

PSEUDO BULGES IN REST-FRAME £ AND [-BAND"

Redshift

R
kpe

."H.F,l_,

g

Ne

SB.

?'J'Lf.{._(_}l,fll‘.u‘l.‘.'.‘if:'f.'z

BJT

Mass

(x1019) M,

Rest-frame B-band

0.77-1.0
0.4-0.77
0.02-0.05

2.93(+0.72)
3.14(+1.03)
3.65(+1.94)

~19.77(£0.43)
-19.78(£0.45)
_20.38(+0.39)

0.93(+0.26)
1.03(=0.24)
1.11(40.31)

21.83(+0.44)
21.98(£0.45)
21.78(£0.77)

0.102(+0.032)
0.169(+0.081)
0.255(0.088)

0.06718(£0.05226)
0.07078(£0.04368)
0.42549(£0.15806)

Rest-frame I-band

0.77-1.0
0.4-0.77
0.02-0.05

3.34(1£0.68)
3.33(+0.88)
2.31(+0.77)

~21.03(£0.55)
-20.58(+0.82)
-21.10(£0.61)

0.86(+0.18)
0.89(+0.21)
1.21({40.28)

21.01(20.44)
21.08(+0.67)
10.96(+0.43)

0.496(+0.204)
0.423(+£0.156)
0.178(£0.117)

0.35321({ £0.25046)
0.16609{£0.11083)
0.37712(£0.18255)

TABLE 3

*The values provided in the table are Median{+=Median Absolute Deviation)

(C'LASSICAL BULGES IN REST-FRAME B AND [-BAND®

Redshift

R,
kpe

1'1 IIIJ
Trg

Tle

SB.

?'J'I,f.tgxf,ﬂ'f.‘.‘i L

B/T

Mass

(x10' MY Mg

Rest-frame B-band

0.77-1.0
0.4-0.77
0.02-0.05

2.41(+0.66)
2.75(+0.79)
3.84(+1.06)

~20.58(+0.28)
-20.64(0.29)
-21.22(£0.13)

0.83(£0.15)
0.91(£0.19)
1.08(+0.13)

20.56(+0.50)
20.82(+0.49)
20.93(+0.57)

0.209(+0.038)
0.372(40.067)
0.521(+0.106)

0.1331(£0.0776)
0.2191(+0.1300)
1.3502(+0.3394)

Rest-frame [Fband

0.77-1.0
0.4-0.77
0.02-0.05

2.60(£0.51)
3.14(+0.82)
2.21(£0.63)

~21.13(+0.56)
-21.43(+0.59)
-22.03(+0.53)

0.71(=0.14)
0.77(+0.15)
1.16(+0.22)

19.93(+0.41)
20.09(+0.42)
19.08(=0.39)

0.605(+£0.171)
0.632(£0.177)
0.398(£0.123)

0.3991(£0.2506)
0.3370(+0.1677)
0.8842(+0.5761)

*The values provided in the table are Median(£Median Absolute Deviation)
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ABSTRACT

We present results from the EDGE survey, a spatially resolved CO(1-0) follow-up to CALIFA, an optical
Integral Field Unit (IFU) survey of local galaxies. By combining the data products of EDGE and CALIFA,
we study the variation of molecular gas depletion time (7qep) on kiloparsec scales in 52 galaxies. We divide
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Figure 4. The relationship between X, and ¥gpg for our sample
of 52 galaxies selected from the EDGE survey. The data point plots
these values for a 2" x 2" pixel. with color and point size are coded
by the density of data points. The black dots are the median value
of Ygpr within bins of ¥ ;.. The dotted, solid, and dashed lines
correspond to Taep = 1, 2, and 4 Gyrs, respectively.
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Figure 5. The depletion time as a function of radius, stacked over all
detected regions in each sample galaxy. The data points are 2 x 2"
pixel measurements. The colors and sizes of points represent the
global density of the data points and the solid line is the median
value of 74, in a radial bin. On the top and bottom of the figure, we
label the fractions of non-detection pixels that correspond to upper
and lower limits in Tuep,. respectively. Upper limits in Tae, are pixels
with known SFR but CO is not detected, and vice versa for lower
limits. The Hev measurements are more sensitive than the CO maps,
therefore. the fractions of upper limits are higher than the fractions
of lower limits at any radius.
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Figure 7. Classifications of Ty, over detected pixels: galaxies that show a drop of Taep in the center (left). similar 740, to the disk (middle).
and longer 1i., in the center (right), in relative (top row) and absolute (bottom row) scales. The colors and sizes represent the density of data
points. The median profiles for each groups are shown as black curves. The percentages on the top and bottom of top row are the fraction of
non-detection, and the number of galaxies in each groups are stated in the bottom right corner of each top panels. This result extends the finding
by Leroy et al. (2013), where we show more complex behaviors: galactic centers can have shorter, similar, or longer 74.p, with respect to the
disk.
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Figure 6. The ratio of 74¢p in a galactic center to that in its disk for each galaxy is plotied as a function of various global parameters: stellar
masses (left panel), molecular gas masses (middle panel), molecular-to-stellar mass ratio (right panel). The diamonds mark the barred galaxies,
while the squares mark the interacting galaxies. The black lines are the linear best-fit using Orthogonal Distance Regression method in Scipy
package. which takes into account the errors in both axes, and the gray regions cover 68% of the nearest data points to the best-fit lines. The
slope of the best-fit line and the Pearson correlation coefficient are indicated. The crosses represent the typical error bars of the data points.
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Figure 8. Teonter relative to taisk are plotted against X., ¥,,.1, and Ygpr, averaged over detected regions in the center (left panel), the disk
(middle panel), and the ratio between the two (right panel). The black lines are the linear fit with equal weight using orthogonal distance
regression in Scipy, and the gray regions cover 68% of data points from the linear fit. The typical uncertainties of the data points are 4 M
pc 2 for £, and Ly, and 107* M, yr=! kpe™? for Bspr. The slope of the correlation (im), the correlation coefficient (r.), and the p-value
(p) are indicated at the corner of each panels. We do not fit the middle panel because of low r. and high p values. indicative of no correlation
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Figure 10. The molecular gas depletion time as a function of radius, separated in three mass bins: 9.6 < log( M., /M) < 10.3 (left panel),

10.3 < log( M. /M) < 10.8 (middle panel), and 10.8 < log(M. /M) < 11.3 (right panel). The colors represent the density of data points.
The percentages are the fraction of upper and lower limits at a given radial bin. The solid black lines are the median value of .., at a given
radial bin, while the dashed lines are the constant Ta., values of 1, 2, and 3 Gyrs. This figure shows that the drop of 74.p, in the centers is more

prominent in the lowest mass bin.
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Figure 11. The half-mass radius of molecular gas (left panel) and stars (right panel) for three groups: central drop (blue dots). flat (black dots).
and central rise (red dots) of 7i.,. The mean values for each three groups are marked as orange stars symbols. The typical errors are shown
as crosses. The diamond symbols marked the barred galaxies, while the square symbols marked the interacting galaxies. This shows that the
molecular gas distribution in the drop Teenter group and in the disturbed (barred or interacting) galaxies is more compact than those in the other
SrOUpS.
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ABSTRACT

Motivated by theoretical expectations that Nuclear Star Clusters (NSCs) in galactic centers may
provide a favorable environment for super-massive black holes to form and/or efficiently grow, we set
out to measure the fraction of nearby mucleated galaxies that also host an Active Galactic Nucleus
(AGN). We targeted a distance-limited sample of 98 objects with the Chandra X-ray Telescope, down
to a uniform X-ray luminosity threshold of ~103® erg s~!. The sample is composed of 47 late-
types and 51 early-types, enabling us to further investigate the active fraction as a function of galactic
morphology. After correcting for contamination to the nuclear X-ray signal from bright X-ray binaries,
we measure an active fraction f =11.2%f1:$ (Lo C.L.) across the whole sample, in agreement with
previous estimates based on an heterogeneous combination of optical, X-rav and radio diagnostics.
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Figure 3. Stellar mass distributions of the late- {open blue his-

togram) and early-type (open red histogram) samples. The distri-
bution of galaxies with central X-ray detections are shown for both
as histograms with diagonal (early-type) and horizontal (late-type)
hatching. Each sample has been fit with multiple Gaussians., The
weighted distribution, defined as the ratio of the late-type distri-
bution to the early-type distribution, is shown as a black curve,
This is used to draw a sub-sample of the early-type galaxies with
the same number and mass distribution as the late-type sample,
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Figure 4. Measured nuclear X-ray luminesities, Ly, as a function

of host galaxy stellar mass, M., for our full sample of late and
Filled cireles mark detections

early-type galaxies (98 systems).
and open circles mark upper limits, Error bars arve taken to be
0.1 dex for both Ly and M.. The “best-fitting relation™ from our
Bayesian linear regression analysis is shown as a solid red curve,
with the dotted lines corresponding to 2o error bars. Here, lo error
bars correspond to the 16th and 84th percentiles of the posterior

distributions.
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Table 2
X-ray detections for nucleated late-types
Galaxy Optical o (J200) Optical 8 (J200) o (J200) o (J200) 0  X-ray counts
(1) (2) (3) (4) (5) (6) (7)
NGC 1042 2:40:23.99 -8:26:01.1 2:40:23.959 (0.12) -8:26:00.57 (0.12) 0.6 23 [4.8)
NGC 1493 3:57:27.47 -46:12:39.2 3:57:27.454 (0.10) -46:12:38.55 (0.10) 0.6 48 (6.9)
NGC 4487 12:31:04.48 -8:03:13.8 12:31:04.497 (0.12)  -08:03:12.48 (0.12) 0.8 17 (4.1)
NGC 5879 15:09:46.663 +57:00:00.67 15:09:46.725 (0.08) +57:00:00.64 (0.08) 0.2 140 (11.8)
NGC 7690 23:33:02.542 -51:41:54.11 23:33:02.528 (0.13)  -51:41:54.44 (0.13) 0.3 17 (4.1)

Note. — Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Columns:
(1) Galaxy name; (2) and (3): R.A. and Dec. of optical center; (4) and (5): R.A. and Dec. of X-ray nucleus with the positional uncertainty
on the centroid position given in parenthesis, in arcseconds; (6) § between optical center and X-ray nucleus, in arcseconds; (7) nuclear
X-ray source net counts extracted between 0.3 and 7 keV, with errors in parenthesis.

Table 3
Nucleated early-type galaxies with X-ray detections

salaxy  Distance logM. log Lx
(Mpc) (logM) (log(erg s~ l}}
(1) (2) (3) )

VCC1619 15.49 10.2 38.68
VCC1883 16.60 10.4 38.35
VCC784 15.85 10.3 38.62
VCC1250 17.62 10.2 38.73
VCC1283 17.38 10.1 38.54

VCC1355 16.90 9.4 38.58
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Figure 7. Size-luminosity relation for the NSCs in the catalogue
of spiral galaxies analyzed in Georgiev and Béker (2014) is shown
in black, with region of error shown in red: log repy = -2.0£0.2
— 0.25+0.01 My. Blue squares denote the galaxies with known
AGN in Georgiev and Biker (2014). We add three late-type detec-
tions from our sample that are included in their catalogue: NGO
1042 (orange circle with blue square), NGC 1493 (pink circle) and
NGC 4487 (cyan circle). NGO 1042 was recognized as an AGN
by Georgiev and Boker (2014) but was not included in their com-
pactness study due to §/N < 30 (NGC 1493 and NGC 4487 were
excluded from their parent sample for similar reasons). Error bars
on My are < 0.1 mag. We also find that our nucleated galaxies
with AGN tend to have more compact effective radii at a given
luminosity.



