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IMPRINTS OF RADIAL MIGRATION ON THE MILKY WAY'S METALLICITY DISTRIBUTION FUNCTIONS
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ApaMm J. CLARKE®, RoK R0oSKAR®, AND MoNICA VALLURI
Dvaft verston November 23, 2015

ABSTRACT

Recent analysis of the SDSS-111/APOGEE Data Release 12 stellar catalogue has revealed that the
Milky Way’s metallicity distribution function (MDF) changes shape as a function of radius, tran-
sitioning from being negatively skewed at small Galactocentric radii to positively skewed at large
Galactocentric radii. Using a high resolution, N-body+SPH simulation, we show that the changing
skewness arises from radial migration — metal-rich stars form in the inner disk and subsequently mi-
grate to the metal-poorer outer disk. These migrated stars represent a large fraction (> 50%) of the
stars in the outer disk; they populate the high metallicity tail of the MDFs and are, in general, more
metalrich than the surrounding outer disk gas. The simulation also reproduces another surprising
APOGEE result: the spatially invariant high-[a/Fe] MDFs. This arises in the simulation from the
migration of a population formed within a narrow range of radii (3.2+1.2 kpe) and time (8.8+0.6 Gyr
ago), rather than from spatially extended star formation in a homogeneous medium at early times.
These results point toward the crucial role radial migration has played in shaping our Milky Way.
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Figure 3. Left: the skewness of simulation (cireles) and APOGEE
(triangles) MDFs as a function of present day radius within the
mid-plane (0 < |z|/kpe< 0.5). Right: the trend in the simulation
between skewness and the fraction of migrated stars; note, the color
of the circles between the two panels are the same.
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Figure 2. MDF as a function of present day radius for all stars in Figure 5. Identical to Figure 2 for the high-[a/Fe] stars.

the simulation. Varying distances from the mid-plane are con-
sidered: (top panel) 1.0 < |z|/kpc< 2.0, (top middle panel)
0.5 < |z|/kpe< 1.0, and (bottom middle panel) 0 < |z|/kpe< 0.5.
The gas MDF is also shown for comparison (bottom panel); the
vas MDF is peaked at lower metallicities than the star MDF at the
same height,
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Molecular Gas and Star Formation in the Cartwheel
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ABSTRACT

Atacama Large Millimeter /submillimeter Array (ALMA) 12CO(J=1-0) obser-
vations are used to study the cold molecular ISM of the Cartwheel ring galaxy
and its relation to HI and massive star formation (SF). CO moment maps find
(2.69 4+ 0.05) x 10 Mg, of Hy associated with the inner ring (72%) and nucleus
(28%) for a Galactic Ico-to-Nu, conversion factor (aco). The spokes and disk
are not detected. Analysis of the inner ring’s CO kinematics show it to be ex-
panding (Vi = 68.9 £ 4.9 km s7') implying an = 70 Myr age. Stack averaging
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Fig. 5.— The Cartwheel’s SF law. (top-left) Derived Hy SF law for the outer and inner
rings. The nucleus and averaged inner ring are represented by squares. The shaded area
indicates the allowed Yu. given arn’s dispersion in Magdis et al. (2011). (bottom-left) The



Astro-ph:1511.07344

Evidence for a change in the dominant satellite galaxy quenching
mechanism at z = 1

Michael L. Baloghl, Sean L. McGee?, Angus Mok?, Adam Muzzin*,

Remco E.J. van der Burg5, Richard G. Bower®, Alexis Finoguen0v7,

Henk Hoekstra®, Chris Lidman?, John S. Mulchaeym, Allison Noble!!, Laura C. Parker®
Masayuki Tanaka'?, David J. Wilman'*', Tracy Webb'®, Gillian Wilson'®, Howard K.C. Yee'

! Department of Physics and Astronomy, University of Waterloo, Waterloo, Ontario, N2L 3G 1, Canada

28chool of Physics and Astronomy, The University of Birmingham, Birmingham B15 2TT, UK

'-iDepan‘mem aof Physics and Astronomy, McMaster University, Hamilton, Ontario, L8S 4M1 Canada

4 Institute of Astronomy, University of C ambridge, Madingley Rd, Cambridpe CB3 0HA, UK

5 Laboratoire AIM, IRFU/Service d ‘Astrophysigue - CEA/DSM - CNRS - Universit Paris Diderot, Bat. 709, CEA-Saclay, 91191 Gif-sur-Yvette Cedex, France
“ijpai"ﬁ}ie}if of Physics, University of Durlam, Durfiam, UK, DHI 3LE

??Depamnenro_j"Ph}'.s'if.'.s'. University of Helsinki, Gustaf Hillstrimin katu 2a, FI-00014 Helsinki, Finland

51 eiden Observatory, Leiden University, PO Box 9513, 2300 RA Leiden, The Netherlands

Y Australian Astronomical Observatory, 105 Delhi Rd, North Ryde NSW Australia 2113

W0 Observatories of the Carnegie Institution, 813 Santa Barbara Street, Pasadena, California, USA

Y Department of Astronomy and Astrophysics, University of Toronto, 50 St. George Street, Toronto, Ontario, Canada M5S 3H4
12 National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyvo 181-8588, Japan

13 Unive rsiteits-Stermwarte Miinchen, Scheinerstrasse 1, D-81679 Munchen, Germeny

Y Max—Planck—Institut fiir extraterrestrische Physik, Giessenbachstrasse 85748 Garchin g Germany

mDeparmienr af Physics, 3600 rue University, Montreal, QC, Canada H3A 2T8

H"Depan‘menr of Physics & Astronomy, University of California, Riverside, 900 University Avenue, Riverside, CA 92521



KapanHanbHble pa3nnyns B
quenching Ha z=1 n z=0!

ABSTRACT

We present an analysis of galaxies in groups and clusters at 0.8 < z < 1.2, from the GCLASS
and GEEC2 spectroscopic surveys. We compute a “conversion fraction” f.qnvert that repre-
sents the fraction of galaxies that were prematurely quenched by their environment. For mas-
sive galaxies, Moy > 10103Mg, we find feonvert~ 0.4 in the groups and ~ 0.6 in the
clusters, similar to comparable measurements at @ = (). This means the time between first
accretion into a more massive halo and final star formation quenching is ¢, ~ 2 Gyr. This
is substantially longer than the estimated time required for a galaxy’s star formation rate to
become zero once it starts to decline, suggesting there is a long delay time during which little
differential evolution occurs. In contrast with local observations we find evidence that this de-
lay timescale may depend on stellar mass, with ¢, approaching txuppie for Mgpar ~ 109'5ﬂ«1'@.
The result suggests that the delay time must not only be much shorter than it is today, but may
also depend on stellar mass in a way that is not consistent with a simple evolution in propor-
tion to the dynamical time. Instead, we find the data are well-matched by a model in which
the decline in star formation is due to “overconsumption”, the exhaustion of a gas reservoir
through star formation and expulsion via modest outflows in the absence of cosmological
accretion. Dynamical gas removal processes, which are likely dominant in quenching newly
accreted satellites today, may play only a secondary role at z = 1.
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Figure 3. The fraction of passive galaxies as a function of stellar mass is
shown for the GEEC2, GCLASS samples, compared with a sample of SDSS
clusters (Omand et al. 2014) and the Ultravista (Muzzin et al. 2013) field
at z = 0.9. The GCLASS (cluster) sample shows high passive fractions,
consistent with observations at = = 0. The group sample shows a more
maodest enhancement of passive fraction, with no significant enhancement
at masses below Mapar = 10103 Mg,

Figure 7. Derived from the values of ¢, presented in Figure 6, and assuming
a constant tpq, = 0.5 & 0.2 Gyr, we show the delay time tq,1a, a5 a
function of redshift and halo mass. Again the solid lines show the z = 0
results from SDSS, and the dashed lines show the same curves rescaled by
(1+ 0.9)~ 1%, corresponding to dynamical time evolution.
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Figure 8. Lines show the maximum time over which a satellite galaxy of a
given stellar mass, at redshift z = 0.9, could maintain its SFR unchanged
once cosmological accretion of matter has stopped. The time is measured
assuming that any depletion of the reservoir does not reduce the SFR, fol-
lowing McGee et al. (2014). These models make the simple assumption
that star formation is accompanied by outflows that permanently carry away
mass at a rate nSFR from the galaxy, with # independent of mass and red-
shift. We compare with our GCLASS (blue circles) and GEEC2 (triangles)
data over the relevant stellar mass range, and find the observed stellar mass
dependence is in remarkably good agreement with the 1.5 < n < 2.0
model predictions. The small halo-mass dependence might indicate that dy-
namical effects still play a secondary role in the more massive clusters.



