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Table 1. Propertics of the ETG sample analyzed in this paper, and list of references

Galaxy Mg D class' R Ruax/R®  PApu? & Npne™  References™  References!
NGC [mag] [Mpc] [arcsec] |degrees] PN data abs.line data
0584 -2423 202 F 330 74 63 0.339 25 {7} (21

0821 -2399 234 F 401(2) 4.8 31.2 0.35 122 {8) (18):(d40d1)y
1023 —2389 105 F 48(2) 6.8 833 0.63 181 (8):(9) (18):(30)
1316 =2602 21.0 F 109 (3) 4.7 50 0.29" 737 {10} (22)

1344 -2421 209 F 3004) 7.8 167 0.333 192 (12} (23)

1399 -2529 209 b 127 (3) 4. 110 0.1* 145 {11} (24)

2768 —2477 224 F 63(2) 6.2 91.6 0.57 312 {9) (18):(31)
2974 -2376 223 F I8(2) 58 442 0.37 22 {(7) (18)

3115 -2402 9.5 F 93 (6) 4.7 435 0.607 183 {9 (18):425)
3377 -2278 11.0 F 35.5(2) 7.7 463 .33 136 (8) (18); (33)
3379 -2380 103 F 401(2) 53 682 013" 189 (%) (193240
3384 -2351 113 F 3250 6.8 53 0.5 85 {9) (19)

3489 -2304 120 F 22.5(2) 4.8 T0.5 045 57 {9) (19

3608 -2369 228 S 29.5(2) 82 B2 02" 92 {8) (18)

3023 -25.33 23.1 8 86.4 (1) 49 48 0.271 99 {15) (26)

4278 -23.80 156 F 31.5(2) 7.6 395 0.09" 69 {7} (18)

4339 -2262 170 F 300(2) 3 157 0.07" 44 {7y (200:(38)
4365 -25.19 231 b 32.5(2) 5.6 409 0.24* 227 {7} (18)

4374 -25.12 185 8 52.5(2) 59 1288 0.05" 445 (8) (18)

4472 =2573 16.7 ) 95.5 (2) 84 1547 0.19° 431 {7} (200437
4473 -2376 15.2 F 27.02) 56 922 043 153 {7} (18)

4494 -24.17 17.1 F 49(2) 48 1763 014" 255 {8) (18):(36)
4552 -2432 16.0 8 34.(2) g2 132 n11° 227 {(7) (19):(38)
4564 -23.10 159 F 20.502) 6.5 485 0.53 47 {#) (18)

4594 -2493 05 F 102 (5) 4. 88 0.521 258 {16) (27)

4636 —2435 143 8 80, (2) 30 1442 023" 189 {7} (20);(39)
4649 2535 165 F 66 (2) 45 913 016 281 {13) (18):434)
4697 —24.14 12.5 F 61.5(1) 45 672 0.32 525 (14) (18):435)
4742 -2260 158 F 14.4 (4) 13.1 80 0,351 64 {7 (28)

5128 -24.16 4.1 F 162.6(1) 119 30 0069° 1222 (17 (29)

5846 =2504 246 b 59(2) 43 3533 0.08" 118 {8) (18)

5866 -2399 148 F 36(2) 04 125 0.58 150 {7} (18)

7457 -2238 129 F 3602) 3.2 12438 047 108 {9) (18)
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6.4.4. Summary

We can conclude that a total of 17 galaxies (50% ) of the ePN.S
sample show smoothed velocity fields that reveal their triaxial
nature. 7 objects (4 fast and 3 slow rotators) have significant
kinematic twists, and 8 (4 fast and 4 slow rotators) show a sig-
nificant constant misalignment of PAy;, with PAyp,. In addition
two slow rotators have a kinematically decoupled halo.

The observed features are more than 2 sigma significant for
most of the cases (1.3 sigma for NGC 4742 and 1.7 sigma for
NGC 5846), and they are not effects of the folding operation on
the catalogs nor of the smoothing procedure.

All 1n all, we found that all the slow rotators and 8 out of 24

fast rotators show indications of intrinsic triaxial morphology in
the PN data.
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Fig. 7. V/o(R,) from absorption line data compared with V/o(halo)
from PN data. References for the absorption line data are in table 1;
note that for NGC 1399 and NGC 3923 data are available up to R./2
and R./4, respectively. The flattening of the ellipses used to plot the
galaxies correspond to the e values of table 1. Fast and slow rotators are
shown with different colors. as are the triaxial fast rotators. The erav
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In the data presented here, we see

— slow rotators

— fast rotators without apparent disks (NGC 4494 and NGC
4742)

— fast rotators with only mner disks and slowly rotating
spheroids (e.g. NGC 3377)

— fast rotators with dommant disks all the way to their outer-
most regions (e.g. NGC 7457)

— fast rotators with mner disks and rapidly rotating spheroids
(e.g. NGC 2768)

— fast rotators with triaxial halos that are dominated by disper-
sion (e.g. NGC 4649) or that rotate rapidly (NGC 4742 and
NGC 5866)
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Table 1. Galaxy Sample Information. Columns: (1) name of the field/survey; (2) the total number of sources in photometry catalog
before (after) applying good-source cuts described in Section 2.1.1; (3) the redshift range of interest in our study, used to select the
mass-limited sample counts in (4,5), where the subsets with spectroscopic redshift information are given in parenthesis.

Name Phot Sources Redshift Range  log;, (Maellar/ Mz ) > 9.7 log,, (Msiellar /Mg ) > 10.3
(1) (2) (3) (4) (5)

UDs 35932 (33998) 0.6<z<30 3019 (260) 1223 (141)
GOODS-S 34930 (34115) 0.5 <z<3.0 2491 (892) 0942 (403)
GOODS-N 35445 (34693) 0.5 <z < 3.0 2046 (494) 1133 (209)
COSMOS 38671 (36753) 0<z<340 3232 (11) 1307 (9)

EGS 41457 (37602) 0.5 <z < 3.0 2825 (199) 1093 (72)

CANDELS (Total) 186,435 (177,161) 0.5< 2 < 3.0 14,513 (1856) 5698 (834)

SDSS-DR4 (1790 sq. deg) 141,564 0.03 < =z < 0.05 D183 (8524) 4098 (3859)




OrpaHn4yeHunst Ha BbIDOPKU

2.3.1 Projected Separation

With our well-defined mass-limited samples for CANDELS
and SDSS in hand, we start by identifying the massive
(Msgenlar = 2 x 10'YMg) galaxies hosting a major pro-
jected companion satisfying 1 < M;/M> < 4 and a pro-
jected physical separation of 5 kpe < Rprej < 50 kpe. The
choice of H,.,; < 50 kpc is common in close-pair studies
(Patton & Atfield 2008; Lotz et al. 2011; de Ravel et al.
2011) which is supported by the numerical simulation results
showing that major bound companions with this separa-
tion will merge within <1 Gyr. Additionally, source blend-
ing from smaller separations { < 1.2 kpc) can cause incom-
pleteness at z = 0.04 for SDSS and at z 2 2.5 for CANDELS.
Thus, we adopt a lower limit of Fp.j = 5 kpe (~ 4x the
resolution), which also corresponds to the typical sizes of
log, s (Mstennar /Mg) = 9.7 galaxies at 2.0 < z < 25. In
summary, we find Npwoj = 318 and Nproj = 2451 unique
(i.e., duplicate resolved) massive galaxies hosting major pro-
jected companions in SDSS (0.03 < z < 0.05) and CAN-
DELS (total of all five fields at 0.5 < z < 3.0), respectively.
We tabulate the breakdown of Np..; by redshift per each
CANDELS field in Table 2.
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Figure 5. (a): The redshift evolution of the major companion fraction fume shown for the five CANDELS fields UDS (star), GOODS-S
(left triangle), GOODS-N (right triangle), COSMOS (pentagon), EGS (cross). The combined CANDELS fractions in five redshift bins
(circles) and the SDSS low-redshift anchor (square) include 95% binomial confidence limit error bars. To place our finding in the context
of common, close-pair-based evolutionary trends found in the literature, we plot the shaded region (red) encompassing a common range
of power-law slopes fme = 0.06(1 + 2)1_2 at 0 < z < 1.5. (b): The random chance corrected fractions (fme,c) for the five CANDELS
Az bins (open circles) are compared with the fume(z) from (a). For fme e, the binomial errors and scatter of Cy (see § 3.3.3) are added
in quadrature. Best-fit curves to the companion fraction (fme) evolution data (see Equation7 and § 3.3.2 for details) are shown in solid
(fme) and dashed ( fme,c) lines, respectively. In the case of SDSS, since the correction C3 ~ 0.01, we only plot fme for simplicity. From
this figure, we conclude that the major companion fraction increases strongly from z ~ 0 to z ~ 1, and decreases steeply towards z ~ 3
(see text for details).
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Figure 10. Comparison of major companion fractions from CANDELS+SDSS to those from previous studies that employed 4:1 stellar-
mass ratio (a) and 4:1 flux-ratio (b) selections. In both panels, we outline the fi. measurements data points as rectangles where their
height represents the 95% binomial confidence limits per redshift bin (width of the rectangles). The data-points of previous empirical
studies are given in the panel keys (see Table 5). We compare fractions based on different projected separation criteria as follows: 5—30kpc
(solid-red line; open-red markers), and 14 — 43 kpe (blue-dashed line, filled-blue markers). We find our major companion fraction estimates
are in good agreement with previous empirical constraints when the companion selection eriteria are closely matched. We off-set multiple
fields from Mundy et al. (2017) by a small amount, and show the upper-limits in filled markers with bold arrow for clarity.
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Figure 11. Comparison of CANDELS45DSS galaxy-galaxy major merger rates Rygeg naic(2) (number of mergers per galaxy per Gyr)
for massive {Meear = 2 % 10100 o) Balasdes at 0 < z < 3, to rates from previous empirical studies and theoretical model predictions.
We show the Ryee paic(z) computed using major companion fractions (fume) based on fiducial projected separation (5 — 50 kpe) and
redshife proximity (CANDELS: Equation 1; SDSS: &ve < :"pl][lkm.-'-"] split into stellar mass-ratio (filled points; solid line) and fux ratio
[open points; dashed line) for CANDELS (cireles) and SDSS (square), We employ simplistic sssumptions for fraction-to-rate conversion
factors Tops pair = 063 Gyr and Cyerg paie = 0.6, and show the variation of Ry pair(2] for Cpeeg pair = 04 to 0.8 in red-shading.

The error-bars on the data points indicate their 95%, binomial confidence limits. solely baszed on the obzerved number counts, The solid
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Figure 12. Comparing the redshift evolution of major merger
tate of Moialar = 2 X 1['11“1111,3 galaxies based on our fiducial
close-pair timescale assumption Tihe pair = 0.65 Gyr copied from
Figure 11 (solid red line, shading) to rates from different timescale
choices. We show the rates based on Jiang et al. (2014) scaling
relation Tons, pair x H(2)™ 1/3 i1 red dotted line, and Snyder et al.
(2017) relation Tyhe pair o {1+ z)7? in red dot-dashed line (start-
ing at zp = 1). We also plot the theoretical merger rate predictions
shown in Figurell.
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ABSTRACT

Leo T is the lowest mass gas-rich galaxy currently known and studies of its gas content help us understand how such marginal galaxies
survive and form stars. We present deep neutral hydrogen (H 1) observations from the Westerbork Synthesis Radio Telescope in order
to understand its H 1 distribution and potential for star formation. We find a larger Hi line flux than the previously accepted value,
resulting in a 50% larger H1mass of 4.1 x 107 M_. The additional H1 flux is from low surface brightness emission that was previously
missed; with careful masking this emission can be recovered even in shallower data. We perform a Gaussian spectral decomposition
to find a cool neutral medium component (CNM) with a mass of 3.7 x 10* M., or almost 10% of the total H1 mass. Leo T has no
H 1 emission extending from the main Hr1 body, but there is evidence of interaction with the Milky Way circumgalactic medium in
both a potential truncation of the H1 body and the offset of the peak H1 distribution from the optical center. The CNM component
of Leo T is large when compared to other dwarf galaxies. even though Leo T is not currently forming stars and has a lower star
formation efficiency than other gas-rich dwarf galaxies. However, the H 1 column density associated with the CNM component in Leo
T 1s low. One possible explanation is the large CNM component is not related to star formation potential but rather a recent, transient
phenomenon related to the interaction of Leo T with the Milky Way circumgalactic medium.
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Table 1. Properties of Leo T

CBoMCTBa ranakTukn1 n pe3ynbTaThbl

Property

Value

Optical center

H 1 center
Distance
S int

S in.cNM
S in, WNM
O CNM
TWNM
Yeen,CNM
Veen WNM

NHI, peak
ax Bt

.i’"[-[I“
My
Menm

Mwnm
M,

9134M53 45 +17°03'05"
9h34m54 05 +17°02/52"
420 kpe

9.9+ 1.0 Jykms™
09+02Jykms™!
9.0+ 1.0 Jykms™!
2.5+0.1 kms™!

7.1 +0.4 km s~!

37.4 +0.1 km s™!

39.6 +0.1 km s™!

4.6 x 102" atoms cm™2
3.3'% 3.0

400 pc

4.1+0.4 x 10° My

0.37 + 0.08 x 10° M,
3.7+0.4 x 10° M,

2.0 x 10° M,

1.9 x 107 M,

0.73

Notes.” Hi extent is measured at the 2.7 x 10" atoms cm™ level.
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ABSTRACT

Stephan’s Quintet, a compact group of galaxies, is often used as a laboratory to study
a number of phenomena, including physical processes in the interstellar medium, star
formation, galaxy evolution, and the formation of fossil groups. As such, it has been
subject to intensive multi-wavelength observation campaigns. Yet, models lack con-
strains to pin down the role of each galaxy in the assembly of the group. We revisit
here this system with multi-band deep optical images obtained with MegaCam on the
Canada-France-Hawaii Telescope (CFHT), focusing on the detection of low surface
brightness (LSB) structures. They reveal a number of extended LSB features, some
new, and some already visible in published images but not discussed before. An ex-
tended diffuse, reddish, lopsided, halo is detected towards the early-type galaxy NGC
7317, the role of which had so far been ignored in models. The presence of this halo
made of old stars may indicate that the group formed earlier than previously thought.
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Figure 1. Top-deft composite u+g+r true eolour image of the Stephan’s Quintet. Top-right: g-band surface brightness map, with the
priciple structures labeled, The Tiotest emission (with surbace beighbness aboye 36 ||m|a..:lrl.'.-|'l."! | vewesaleel by 4he dieg CFHT Megalam
imnge is shown in rsl, Sottem-loft u-r eolour map with H/ VLA map in the wodocity range GUT5-6T8% kms™! superinmpescd. The lowest
comtonr s G0 et [aclapted from Williams et sl 2002], Selectel intergalactio star-farming megions are labaled, Sottem-right: g-r
colour nap with acchival X-ray JCMM-Mewton contourm aupecimpesed, For the surface brightoess aml colour wmps, the acale in mag
rsip. mag.aresee s indicated to the vight. The Geld of view is 107 = 100 (250 kpe = 250 kpe). Morth is up and East left






