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RECENTLY QUENCHED GALAXIES AT z =0.2 — 4.8 IN THE COSMOS ULTRAVISTA FIELD

AKIE IcHIKAWAY? AND YOSHIKI MATSUOKA '

ABSTRACT

We present a new analysis of the stellar mass function and morphology of recently-quenched galaxies
(RQGs), whose star formation has been recently quenched for some reason. The COSMOS2015 catalog

ras exploited to select those galaxies at 0.2 < z < 4.8, over 1.5 deg? of the Cosmic Evolution Survey
(COSMOS) UltraVISTA field. This is the first time that RQGs are consistently selected and studied
in such a wide range of redshift. We find increasing number density of RQGs with time in a broad mass
range at z > 1, while low-mass RQGs start to grow very rapidly at z < 1. We also demonstrate that
the migration of RQGs may largely drive the evolution of the stellar mass function of passive galaxies.
Moreover, we find that the morphological type distribution of RQGs are intermediate between those
of star-forming and passive galaxies. These results indicate that RQGs represent a major transitional
phase of galaxy evolution, in which star-forming galaxies turn into passive galaxies, accompanied by
the build up of spheroidal component.

Subject headings: galaxies: formation — galaxies: evolution — galaxies: high-redshift
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[Calzetti et al. 2000).
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ABSTRACT

A new deep Hi survey of the galaxy Messier 33 is presented, based on observations obtained at the Dominion
Radio Astrophysical Observatory. We observe a perturbed outer gas distribution and kinematics in M33, and
confirm the disk warping as a significant kinematical twist of the major axis of the velocity field, though no
strong tilt is measured, in agreement with previous work. Evidence for a new low brightness Hi component with
anomalous velocity is reported. It harbours a large velocity scatter, as its kinematics both exceeds and lags the
rotation of the disk, and leaks in the forbidden velocity zone of apparent counter-rotation. The observations also
reveal wide and multiple peak Hi profiles which can be partly explained by crowded orbits in the framework of
the warp model. Asymmetric motions are identified in the velocity field, as possible signatures of a lopsided
potential and the warp. The mass distribution modeling of the hybrid Ha-Hi rotation curve favours a cuspy dark
matter halo with a concentration in disagreement with the ACDM dark halo mass-concentration relationship.



YUTo Takoe M33:

Table 1. Parameters of M 33.

Parameters Value Source
Morphological type SA(s)cd RC3
R.A. (2000) 01" 33™ 33.1° RC3
Dec. (2000) +30° 39 18”7 RC3
Systemic Velocity (km s™!) -179 +3 RC3
Distance (Mpc) 0.84
Scale (pc/arcmin) 244
Figure 1. WISE W1 (left), W3 (center) and the inner bright Hi disk Disk Scale length (kpc) 1.6 (@ 3.6 um) Kam15
(right) of M33.
Optical radius, Rss 354 +1!0 RC3
Inclination. ¢ 52¢ 4 3° WWB
Table 2. Summary of the six 21 em Hr line synthesis fields cen- o s i —
tred on and surrounding M33, carried out with the DRAO Synthesis Fosition angle (major 4xis) Havwl WHYE
Telescope. Apparent magnitude, my 5.28 RC3
i Absolute magnitude. My, —-19.34
Observ, Field Centre Beam Parameters :
5 S TIHET RO 4 4 e Total Hi mass (M) 1.95 10° Sec. 2
t B : . miaj ") x min { ¥ . . =
i |_(l ) ( ) i0) 0 Systemic Velocity (km s™") —180 £3 Sec. 2
09/29/08 01133M50,9%, +30°39'36" 1.90 x 0.97",—89.69" . =
Tl g Vo maximum (kms™) 125 Sec. 4
09/29/08 01 h36m]0.2‘ , +31°50°34 1.85x 097, —-89.82 Stellar niass (M), mass models 5510° —
5 o I I o
11/05/08  01731738.2°, +29°28'12 1.98 x 0.97, —89.91 Dynamical mass (M), inside R = 23 kpe 7.9 10™ oy

11/05/08 mh34m45'83’ +31°08"13" 1.86 x 097, -90.11° RC3: de Vaucouleurs et al. (1991); Kam13: Kam et al. (2015);
12/04/08 01h32M56.48% 130°11°01” 1.94 % 0.97. —90.30° WWB: Warner et al. (1973). See Kam15 for the distance to M33,

hanfen ab koo , 4 % as based on a compilation of distance moduli from TRGB.
12/04/08 01733750.9", +30°39"36 I".91x0".97, —90.49 Cepheids and Planetary Nebula Luminosity Function methods.
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Figure 15. Mass distribution models of M33 with the [SO (left column) and NFW (right column) haloes. From top to bottom, results are shown
for different values of the stellar disk mass-to-light ratio: fixed T = (.52, fixed T = (.72 and free, best-fit (', where the fixed values were
inferred from stellar population models (see text). Black filled symbols represent the observed data, a solid orange line the model of the total
velocity curve, a dashed red line the contribution from the stellar disk, dotted and dashed-dotted blue lines those from the atomic and molecular
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velocity curve Ay (observed minus modeled rotation curves).
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Table 1. Red and blue data cubes from LZIFU.

data cube A R a*
Blue 3700 — 5700 1730 74 km s~!
Red 6250 — 7350 1500 29 kms™!

+ Sposea escing 376001 485885
¥ Spectral resolution. Full width half ; - ;
(FWHM) = ¢/R.

* Velocity resolution according to spect
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Table 2. Properties of the eight star-forming galaxies in our final sample of star-forming SAMI galaxies,

CATID RA DEC  redshift  stellar mass! rading? ellip® i r.rg‘.,s‘h’ Zepr?
[hh: mme: ss]  [dd: mm: ss] [Mg] " [kpe] 1 |[km s [Mg yr™! kpc_g]
79635 14 50 03.3 43 51 03.1 0.040 2.9 x10* 913 7.8 0.40 55.0 28 + 4 0.019 + 0.009
STH001 05 46 31.3 00 05 51.0 0.051 1.8 x10W 2.41 2.7 0.07 22.4 31 +9 0.022 + 0.007
388603 09 23 08.1 02 29 09.9 0.017 6.3 x10” 4.3 52 0.12 286 24 + 4 0.009 + 0.003
485885 14 31 01.9 -01 43 02.0 0.055 1.8 x10 504 6.0 0.16 33.6 24 + 4 0.014 + 0.005
504882 14 30 15.3 -01 55 56.2 0.054 1.3 x10'% 380 44 0.19  37.0 20 + 2 0.010 + 0.003
H08421 14 27 57.4 -01 37 52.3 0.055 2.5 %10 374 45 0.26 43.0 87 +44 0.076 + 0.016
2499552 08 48 45.6 00 17 29.5 (1.053 6.2 10 9.60 11 0.32 48.6 26 £ 5 0.020 = 0.009
618152 14 18 05.5 00 13 38.6 0.053 1o x10" 356 4.1 0.20 46.1 24 + 3 0.023 + 0.010

! Stellar masses are from the GAMA survey (Taylor et al. 2011).

2 Effective radius, e, half light radius, also from the GAMA survey (Kelvin et al. 2012).

3 Ellipticity is from the GAMA survey (http://www.gama-survey.org/dr2 /tools /sov.php ). We use the GAL_ELLIP_R to get the
R-band axis ratio. The relation between minor-to-major axis ratio and ellipticity is: 5/a = 1 - ellipticity.

4 Inclination angle. The calculation is based on classical Hubble formula: cos®i = ((b/a ) - q& 31— q&}}l-ﬂ', where & /0 i the minor-
to-major axis ratio, i is the inclination angle and gy = 0.2 (¢ = 90° for b/a < qy).

9 Flux weighted global gas velocity dispersion. Only the pixels with oy > 2 vy are considered (see more in Section 2.2.3).

6 Flux weighted SFR surface density. Only the pixels with ogus > 2 vy are considered (see more in Section 2.2.3).
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Figure 4. Global dependence of oy on Zgpp. Our eight SAMI
galaxies compared to local high Hoe luminosity galaxies from
Green et al. (2014) and z > 1 star-forming galaxies and clumps
(see Bection 3.2.2 for further details). Each blue (red) filled dia-
mond shows one entire galaxy in our sample including (exclud-
ing) the contribution from thermal broadening (erperma ~ 12 km
s7!, Glazebrook 2013). For the measurement of g and Zgpg,
see footnotes in Table 2. Green diamonds refer to the Ho lu-
minous galaxies in Green et al. (2014). The black filled squares.
darle green triangles, red open squares and blue open circles refer
to the z = 1 star-forming galaxies and clumps. The grey con-



