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ABSTRACT

We present new measurements of the parallax of 7 long-period (> 10 days) Milky Way Cepheid
rariables (SS CMa, XY Car, VY Car, VX Per, WZ Sgr, X Pup and S Vul) using one-dimensional
astrometric measurements from spatial scanning of Wide-Field Camera 3 (WFC3) on the Hubble
Space Telescope (HST). The observations were obtained at ~ 6 month intervals over 4 years. The
distances are 1.7-3.6 kpc with a mean precision of 45 pas [signal-to-noise ratio (SNR) ~ 10| and
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Table 3. Parallax

Cepheid  (milliarcsec) ot Tabs
SS CMa 0.389 0.0287 0.003
XY Car 0.438 0.0469 0.011
VX Per 0.420 0.0744 0.017
VY Car 0.586 0.0438 0.009
WZ Sgr 0.512 0.0373 0.011
S Vul 0.322 0.0396 0.007
X Pup 0.277 0.0469 0.009

NOTE o, is the contribution to o, from the
reduction from relative to absolute parallax.
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Figure 12. Us=e of ground-based light curves (transformed o the WEFC3 svstem] to

correction for the HST observations [red points) in F35517, FE14W, and F1600°.

determine the phase
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ABSTRACT

We present a survey of the [Cn| 158 um line and underlying far—infrared (FIR) dust continuum
emission in a sample of 27 z 2 6 quasars using the Atacama Large Millimeter Array (ALMA) at
~ 1" resolution. The [C 1] line was significantly detected (at > 5-¢) in 23 sources (85%). We find
typical line luminosities of Liciy = 0% 12 Lg, and an average line width of ~ 450 km s~!. The [Cn]-
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Figure 5. Distribution of the line width (FWHM) of [C1]
in the quasars of our sample, compared with the literature
sample (indicated with different colors), and with the distri-
bution of CO line widths in sub-mm galaxies from Bof
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Figure 11. Line width (plotted as full width at half max
mum) as a function of the radius of the [C 11]-emitting regic
(Riciy) in the quasars in our sample. The color code is tl
same as in Figure . Sources with S/N>10 in the [C11] map
are highlighted with bigger symbols. Typical error bars are
shown in the top-right corner.
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Figure 12. Constraints on the black hole — host galaxy mass
ratio for the main sample of this work, as a function of the
[C11] redshift. The color code is the same as in Figs. 6 and
[1. Objects with S/N>10 in the [C11] map are highlighted
with larger symbols. The minimum black hole mass Mgj"
is computed from the rest-frame UV continnum luminosity,
by assuming that the quasars are emitting at Eddington lu-
minosity. The dynamical mass is derived via equation 7, and
might be considered as an upper limit for the mareinallv

Under the assumption of
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ABSTRACT

A randomly chosen star in today’s Universe 1s most likely to live in a galaxy with a stellar mass between
that of the Milky Way and Andromeda. Yet it remains uncertain how the structural evolution of these bulge-
disk systems proceeded. Most of the unobscured star formation we observe building Andromeda progenitors at
0.7 < z < 1.5 occurs in disks, but =2 90% of their star formation is reprocessed by dust and remains unaccounted
for. Here we map rest-500um dust continuum emission in an Andromeda progenitor at z=1.25 to probe where
it is growing through dust-obscured star formation. Combining resolved dust measurements from the NOEMA
interferometer with Hubble Space Telescope Hoy maps and multicolor imaging (including new UV data from the
HDUYV survey), we find a bulge growing by dust-obscured star formation: while the unobscured star formation
is centrally suppressed, the dust continuum is centrally concentrated, filling in the ring-like structures evident
in the Ho and UV emission. Reflecting this, the dust emission is more compact than the optical/UV tracers of
star formation with r.(dust) = 3.4kpe, r.(Ha)/r.(dust) = 1.4, and r{J(UV)frE(dL{.qr) = 1.8. Crucially, however,
the bulge and disk of this galaxy are building simultaneously; although the dust emission is more compact
than the rest-optical emission (r.(optical)/r.(dust) = 1.4), it is somewhat less compact than the stellar mass
(re(M.)/re(dust) = 0.9). Taking the rest-500um emission as a tracer of star formation, the expected structural
evolution of this galaxy can be accounted for by star formation: it will grow in size by Ar,/AM, ~ 0.3 and
central surface density by AX .,/AM, ~ 0.9. Finally, our observations are consistent with a picture in which
merging and disk instabilities drive gas to the center of galaxies, boosting global star formation rates above the
main sequence and building bulges.
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NOEMA. Two galaxies were observed with NOEMA for rel-
atively short integrations at low resolution then the one with
the stronger detection was chosen for mapping. Thus, the pi-
lot target selected for this exploratory study was GOODSN-
18574. This galaxy has z=1.248, M, = 6.76 x 10'M,
SFR(IR,Ha,UV) = (164,28,5My/yr ', and r.(Hrieow) =
0.56", putting this galaxy roughly on the size-mass relation
(van der Wel et al. 2014) and ~ 0.55dex above the SFR-mass
relation at this redshift (Whitaker et al. 2014).
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F1G. 3.— U-H band imaging with HST. This galaxy exhibits strong color gradients. Going to bluer wave bands, the emission is increasingly suppressed in the
center.
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F1G. 2.— Images and surface brightness profiles of the star formation in GOODSN-18574 as traced by rest-UV, Hofrom HST and rest-submillimeter (rest-
500pum) from NOEMA. The effective radius in each band is listed at the bottom of the image and shown as an arrow in the plot of the radial profiles. It is
clear from the images, surface brightness profiles, and radii that the different tracers of star formation trace very different regions. The star formation gets more
compact moving from less to more obscured tracers. The UV is only seen at large radii, the Hev is somewhat more compact but still centrally depressed, while the
submm is centrally concentrated. The Ha and even more so the UV, exhibit ring-like structures which are filled in by the dust-obscured star for - ’
by the submm. The dark circles/ellipses in the bottom right corner show the FWHM resolution of the images. The shaded regions reflect the un

the noise in the images.

F1G. 10.— Three color image of star formation with UV in blue, Hex in
green, and rest-500um in red. The three different tracers trace distinctly dif-
ferent regions of the galaxy.
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FIG. 7.— Here we show a comparison of the radial Ho equivalent
(EW(Hw)) and specific star formation rate (sSFR) and profiles for GOODSN-
18574. In blue, EW(Hr) reflects the quotient of the Hea and surrounding
continuum emission, which is often taken as a proxy for sSFR. In red, the
plotied sSFR is the guotient of the SFR traced by the rest-500um continuum
emission and the stellar mass. The sSFR is somewhat higher at large radii
than in the center, suggesting the stellar mass is growing more rapidly in the
outskirts: the galaxy is building inside-out. The radial behavior of EW{Ha)
is fairly similar to the dust-corrected s5FR in this galaxy, meaning thatin this
ealaxy EW(Hea) is a good tracer of the sSFR.
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ABSTRACT

Spectroscopic surveys of the Galaxy reveal that its disc stars exhibit a spread in [a/Fe] at
fixed [Fe/H], manifest at some locations as a bimodality. The origin of these diverse, and pos-
sibly distinct, stellar populations in the Galactic disc 1s not well understood. We examine the
Fe and a-element evolution of 133 Milky Way-like galaxies from the EAGLE simulation, to
investigate the origin and diversity of their [a/Fe]-[Fe/H] distributions. We find that bimodal
[er/Fe] distributions arise in galaxies whose gas accretion histories exhibit episodes of signif-
icant infall at both early and late times, with the former fostering more intense star formation
than the latter. The shorter characteristic consumption timescale of gas accreted in the earlier
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Figure 1. Two-dimensional histogram of the mass-weighted [« /Fe]-[Fe/H]
distribution of all *disc stars’ associated with the 133 galaxies identified as
broad analogues of the Milky Way in terms of their stellar mass and mor-
phology (see Section 2.2.1) at z = 0 in Ref-L100N1504. The overplotted
solid line shows the median [«/Fe] in bins of A[Fe/H] = 0.2, dashed lines

show the interquartile range.
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Figure 2. The mean mass fraction of the Fe, locked up in the disc stars
of present-day Milky Way-like galaxies in Ref-L100N1504, that was syn-
thesised by Type Ia SNe. The fraction is shown as a function of the siellar
populations’ position in [a/Fe]-[Fe/H] space. The value in each pixel is
weighied by the current mass of the stellar particles within. Overploited
contours reproduce the mass distribution shown in Fig. 1. The Type la SNe
Fe fraction broadly anti-comrelates with [a/Fe], and at fixed [a/Fe] the Fe
mass fraction contributed by Type la SNe is greatest in Fe-poor stars.
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Figure 3. The mean age of the disc stars of present day Milky Way-like
galaxies in Ref-L100N 1504, as a function of their position in [e/Fe]-[Fe/H]
space. Pixel values are weighted by the current mass of the stellar particles
within, and the overplotted contours reproduce the mass distribution shown
in Fig. 1. Age correlates with [a/Fe], though at any fixed [o/Fe] disc stars
exhibit a broad range of mean ages. depending on their [Fe/H]. At fixed
[Fe /H]. the most a-rich stellar populations tend to be the oldest.

[Fe/H]

Figure 4. The mean gas consumption timescale fy of the natal gas
from which the disc stars of present-day Milky Way-like galaxies in Ref-
L100N 1504 formed, as a function of their position in [ /Fe]-[Fe/H] space.
Pixel values are weighted by the current mass of the stellar particles within,
and the overplotted contours reproduce the mass distribution shown in Fig.
1. At fixed [Fe/H], the most a-rich stellar particles formed from gas with
the shortest consumption timescales.



Ho cpean 133X HALINOCh TONbLKO 6 C
«bumopganbHocTblo» [a/Fe] /fix [Fe/H

a2 1 045 0.1 32 1 05 01
-‘T‘:_" 2R s - N 'rTT:- 4
2
£l FOF362 k

Gal. 10 1GOS%014

_ G
- %
B ]
¥, FOF372 3
Gal, 1D 16130870 =

o

Mong [ 10726 5
\ ™
i

T =

H E

3 _ <2

E o0 T 51 B
Gal 1D 156130 | =

(i
F2TI e | 1
¥, FOF52T

Gal, 10 16025427

L=}

E' Ay T {-: 14
2 =

=] —a
gl FOF530 B

Gal. 1Dy 1IGOTLATT

— REFEREMN{E
— ALY

——— Carms ok sl 3lda

— high o/ Fe]

— law [a,/Fa|

B2
e
1

Moy [= 10726 5]
= B
K

Ingo v [plpe]

ik FOF L2
Gal, 1D 17147657
2 4 6 & 112 2 4 G & 112

t [Gyr] t [Gyr]



Y HUX ocobast uctopus
doopmMunpoBaHuS...

- 2
= DD
-
<
o
jam}
ok

|
[o¥
=
fmace fraction)

MIMO [x1012M)

-3.5
9 4
_4—0 t
C
i 1 1 ===+ Correa et al. (2015a)
m—— all discs
= himodal
0 -
0.1 05 1 236 k p ; : ; 3
: A 0 2 4 6 8 10 12
15 o w— otal V5 [Gyr]

T-. === high [a/Fe]
2 10 4 == low [a/Fe]

E Figure 9. The mass accretion history, Msg(1), of haloes identified in the

E 5 - 1 l 5 - DMONLY-L100ON1504 simulation. The thick curves corresponds to the me-

w0 54 dian, whilst the shaded regions denote the interquartile range. The blue

curve corresponds to the partner haloes of all 133 galaxies in our Milky

0= 04 I T 0= T Way-like sample, whilst the red curve corresponds to the partner haloes

0 5 10 0 5 10 0 5 10 of the 6 galaxies exhibiting bimodality in [a/Fe] at fixed [Fe/H]. Dashed

age [Gyr] age [Gyr] age [G}‘T] curves meeting the two median curves at z = 0 show the typical accretion
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masses. Haloes which host galaxies exhibiting [e/Fe] bimodality have sys-
tematically different dark matter accretion histories



