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ABSTRACT

The tight correlation between total galaxy stellar mass and star formation rate (SFR) has
become known as the star forming main sequence. Using ~ 487,000 spaxels from galaxies
observed as part of the Sloan Digital Sky Survey Mapping Galaxies at Apache Point Obser-
vatory (MaNGA) survey, we confirm previous results that a correlation also exists between
the surface densities of star formation (Zgpr) and stellar mass (£, ) on kpc scales, represent-
ing a ‘resolved’ main sequence. Using a new metric (AXgpr), which measures the relative
enhancement or deficit of star formation on a spaxel-by-spaxel basis relative (o the resolved
main sequence, we investigate the SFR profiles of 864 galaxies as a function of their position
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Figure 1. The star forming main sequence as defined by ~ 65,000 z<0.06 Figure 3f The 5lar_f0rming main sequence as defined by ~ 65,000 z < 'U_-Uf)
star forming galaxies from the SDSS DR7 (grey contours). Magenta points star forming _gfila"“e*‘ from the SDSS DR_? (grey contours). Magenta points
show the positions of 394 star forming MaNGA galaxies selected with the show the positions of 470 MaNGA galaxies whose SFRs are at least a factor

of 10 below the best fit (dashed line) through the main sequence and hence

same criteria. Whilst all 394 palaxies are shown here for reference, two . 3
defined as passive.

galaxies with ASFR < —1.0 are transferred from the final star forming sam-
ple into the passive sample.



A BOT 3TO YyXe rnaBHas
nocnegoBaTtenbHOCTb U 3aBUCUMOCTDb
Macca-MeTanM4yHoCTb ANA 9NeMEHTOB

8.7

=0 8.6
a T _—
= T
- =
% O s

u 7 on
= =)
e 8.4]

& +

: | :
[ —
o 8.3 i
(=]
i | i

I I 1 B.2 L I I
7.0 75 8.0 B3 5.0 7.0 75 8.0 8.5 9.0
Log £, (M_/kpc?) Log £, (M /kpc?)

1 1 1 1
120 180 200 240 280 320 360 400 440 100 125 150 175 200 225 250 275 300 325

Figure 4. The local (‘resolved’) star forming main sequence for ~487,000 Figure 7. The local ("resolved’) mass metallicity relation for ~487,000 star-
star-forming spaxels in the MaNGA DR13 datacubes. The colour bar indi- forming spaxels in the MaNGA DRI13 datacubes. The colour bar indicates
cates the number of spaxels in each bin. The minimum Zggg is set by our the number of spaxels in each bin.

definition of the star forming spaxel sample.
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Figure 5. The grey histogram in both panels shows the resolved star Torm-
ing main sequence for all star-forming spaxels (the sample shown in Fig.
4}, Coloured contours show the distribution of L. and Zgpg for star form-
ing spaxels in star forming galaxies (top panel) and star forming spaxels
in passive gulaxies (hottom) panel in two bins of 8/f,.. The most siriking
feature of this figure is the suppressed Zgpg values in passive galaxies at
RiR: < 0.5 indicating that guenching is most dramatic in the inner galactic
regiens, as expected from inside-out quenching.



[logaBneHmne — MopdONOrn4yecKkmnm
gquenching?

0.8

— passhve gaianks

Y < galany 5P < 0.1

— galazy AP < 08 L < gelaey A5FR < 03
A5« galay A5
03 < galzvy ASF

RocD3 = 03 . gelawy ASFR <05
R 0.1 — galaxy A3FR > 05

AT gy (dex)

R (kpc)

and bottam panels show profikes on in units of & and kpe respectively.

& ]

10

bit galuxies with varying prsiticns an the ghobal mein sequence (Le. varying ¢
ol Esrm nekativ 10 sl spasels of the e Lo and radial distans frm e galay cenire, The wp

AX ¢y (dex)

—10b — Passive BfT > 0.5 | |
— Passive BT < 0.5
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
R(R,)

Figure 9, Radial profiles of AZgpp for spaxels in disk dominated (teal line)
and bulge dominated (crimson line) passive galaxies. Bulge fractions are
determined from the bulge and disk mass catalog of Mendel et al. (2014).
The horizontal dashed line indicates zero enhancement or suppression of
Zgpr relative to control spaxels of the same X, and radial distance from the
galaxy centre.
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Figure 11. Top panel: Radial profiles of A O/H for spaxels that inhabit
galaxies with varving positions on the global main sequence (Le. varying
ASFR). Botiom panel: Only galaxies in the highest ASFR bin (purple line
in the op panel) separated into galaxies in likely mergers (either a close
companion or obwvious tidal disturbance ) and non-mengers. The horizontal
dashed line indicates zero enhancement or suppression of O/H relative o
control spaxels of the same £, and radial distance from the galaxy centre,
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ABSTRACT

Using integral field spectroscopy we investigate the kinematic properties of 35 massive centrally-
dense and compact star-forming galaxies (log(M.[Mgz]) > 10, log(Xkpc[Mg kpc'zl) = U5
log (M. /r! Mg kpe™'?]) > 10.3) at z ~ 0.7—3.7 within the KMOS?® survey. We spatially resolve 23
compact star-forming galaxies (SFGs) and find that the majority are dominated by rotational motions with
velocities ranging from 95— 500 km s~'. The range of rotation velocities is reflected in a similar range
of integrated Hor linewidths, 75 —400 km s~', consistent with the kinematic properties of mass-matched
extended galaxies from the full KMOS?® sample. The fraction of compact SFGs that are classified as
‘rotation-dominated’ or ‘disk-like’ also mirrors the fractions of the full KMOS®P sample. We show that

integrated line-of-sight gas velocity dispersions from KMOS-P are best approximated by a linear combination
of their rotation and turbulent velocities with a lesser but still significant contribution from galactic scale
winds. The Ha exponential disk sizes of compact SFGs are on average 2.5 + 0.2 kpe, 1 -2 x the continuum
sizes, in agreement with previous work. The compact SFGs have a 1.4x higher AGN incidence than the full
KMOS?P sample at fixed stellar mass with average AGN fraction of 76%. Given their high and centrally
concentrated stellar masses as well as stellar to dynamical mass ratios close to unity, the compact SFGs
are likely to have low molecular gas fractions and to quench on a short time scale unless replenished with
inflowing gas. The rotation in these compact systems suggests that their direct descendants are rotating passive
galaxies.
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FIG. |.— SFR/SFRpms vs. compactness. X 5 (top panels), and inner-kpc density, Xy (bottom panels), as measured from HST H-band half light sizes for
galaxies in v4.1.5 3D-HST/CANDELS which satisfy the KMOS?P magnitude and visibility selection criteria. The three columns show the selection diagram in
three redshift bins, 0.7 <z < 1.1, 1.1 <z < 1.8, and 1.8 < 7 < 2.8. Blue circles are SFGs ( ASFR> —0.85) with log (X, 5) = 10.3 and red circles are quiescent
galaxies (ASFR< —0.85) with log(3, 5) > 10.3. Black open circles highlight galaxies already observed in KMOS*P.



FIG. 2.— Example composite HST [JH images showing galax-
ies exclusively satisfying either the selection of compact galax-
ies (log(X15[Mg kpe™2)] > 10.3; top) or of dense core galaxies
(log (X 1xpe Mg kpe™1) > 9.5: bottom).
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FiG. 5.— Extracted 2D and 1D kinematics of all resolved compact SFGs in our sample. From left to right: HST /A color composite image; KMOS™ Ha

velocity map shown with FWHM of PSF specific toobservations of this galaxy (white circley; normalized He emission (black points) profiles. nomalized KMOS
continuum (open points) and 1D PSF (gray lineh: observed Ho velocities along major kinematic axis (black poinis), fit with exponential disk model (red line).
The axis profiles are extracted along the Kinematic PA as denoted by the light blue line over plotted on the velocity map. The photometric PA, as determined
by FIGOW HST images, is shown by the pink line, The blue arcs correspond to =18 degrees, the average misalignment between photometric and kinematic
PAs, while the pink arcs comespond 1o =3¢ error on the photometric BA, In the third panels the half-light radii measured from the H-band (dotied gray) and He
maps (dashed blue) are shown by vertical lines, In the forth panels the dotted gray velocity curves show the best-Nt exponential disk model with the inclination
correction applied. The dashed gray velocity curve shows the intrinsic rotation curve. The associated shaded region shows the error on the rotational velociry,
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FIG. 9.— Stellar to dynamical mass fraction as a function of inner-kpc
density for extended SFGs, compact SFGs, and quiescent galaxies (QGs).
Dynamical masses are estimated from equation 3 for SFGs and from JAM
modeling for quiescent galaxies from the VIRIAL survey (Mendel etal. 2015:
in prep). A representative error l-sigma bar is shown in the bottom right
COImer.
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Table 1. Isolated early-type host galaxies selected in this work.

2592 126.78354 25.97031 0.006825 263 12.205 -20.05 10.60 20.38 -11.71

3414 16281754 2797510 0.004903 257 10918 -21.19 10.87 SO0p 493  20.17 -11.87 H

3665 17118196 38.76279 0.006835 33.1 10786 -21.85 11.22 S0 604 20.17 1242 11
3872 17645437 13.76668 0.010627 447 11614 -21.77 11.30 E5 588 19.47 -13.77 10
4125 182.02453 65.17434 0.004523 240 10.258 -21.69 11.15 E 573 | 15.77 -1411 4]

5363 209.02998 5.25503 0.003799 136 10.283 -2045 11.22 E/S0p 393 17.77 -1290 15

5638 217.41823 323333 0005591 265 11.178 -21.02 1091 E1 468 20.09 -1202 7

1. RA and DEC 1in degrees

2. Luminosity distances in unts of Mpc.

3. Petrosian apparent magnitude in the r-band.

4. Stellar mass 1n units of M.

5. Vinal radius in kpc.

6. Limiting magnitude where the completeness of the spectroscopic survey falls to 50%.
7. Limiting absolute magnitude corresponding to the limiting apparent magmtude.

8. Number of satellites identified in this work.
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Supplementary Table 1. Spectroscopic survey of galaxies for five systems

Hosts SDSS # Trimester Exposures(min) N(2)!
NGC 2592 | 1142165 2016a 45/60/60/60 860
NGC 3414 | 2204882 2016a 45/60/60/60 897
NGC 3665 | 1317351 2aa oSl ai
2015b 60/60 508
NGC 3872 | 1122257 2016a 45/60 495
NGC 5638 | 485766 2015b 45/60/60/60 961
2016a 60 144

1. The number of galaxy redshifts obtained newly.
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Supplementary Figure 2. The velocity difference with respect to the mean group
velocity of the satellite system members as a function of host-centric distance and its
histogram. The stars are the host galaxies, and points are satellite candidates. A typical
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Figure 3. Physical parameters of galaxies in the seven satellite galaxy systems of Table 1
as a function of host-satellite distance in units of host virial radius, a, Stzllar mass, b, g-r
colour. ¢, Sérsic ndex. Red and blue symbols are early- and late-type satellites, respectively.
Graen diamoneds rapresent host galaxies, Typical etrors are representad with an ermor bar



OYHKUNS CBETUMOCTU C OOPLIBOM...

—zz0f @

[ N3B6D @ e O o [}

hast mag}
=
g
R
1%
i
-
b d
*

M,

—20.5 Fussen

-20.0

100

10k

$oar (Mpe™ mag™)

0.0

-22 -20 -18 ~-16 -14 -12
M (mag)
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