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Many ways to use the “golden era”
telescopes/instrumentation
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The KMOS Kinematic Survey of z ∼ 1 Galaxies

1) Take whatever is there (very complicated/biased selection)
2) Pick a certain selection that is easy/simple/robust but can’t be
replicated across cosmic time
3) A selection that can be replicated but not so robust/simple
4) Simple selection that can be replicated across cosmic time
Fig. 2.— Two dimensional velocity fields for the sixteen galaxies in our KMOS sample. The contours denote the dynamics of the best-fit
two dimensional disk model. From these velocity fields, thirteen galaxies have dynamics that resemble rotating systems, and we extract
one dimensional rotation curves (shown as insets for each galaxy) extracted from the dynamical center and position angle from the best-fit
dynamical model. In these plots, the error bars for the velocities are derived from the formal 1σ uncertainty in the velocity arising from
the Gaussian profile fits to the Hα emission. The final three galaxies in this plot do not resemble rotating systems.

Understanding (and minimising/eliminating!) selection biases/
limitations is extremely important
the moment map as a function of angle is extracted and
decomposed into its Fourier series which have coeﬃcients
kn at each radii (see ? for more details).
We therefore measure the velocity field and velocity
dispersion asymmetry for all of the galaxies in our sample, defining the velocity asymmetry (KV ) and the velocity dispersion asymmetry (Kσ ) as in ?. For an ideal
disk, the values of Kv and Kσ will be zero. In contrast, in a merging system, strong deviations from the
idealised case causes large values of Kv and Kσ (which

the KMOS galaxies in our sample, we measure the velocity and velocity dispersion asymmetry and report their
values in Table 1, (NBJ-CFHT 1724, 1713 and 1793 have
too few independent spatial resolution elements across
the galaxy so we omit these from the kinemetry analysis). Although the errors bars on KTOT are large (these
errors are found by bootstrap resampling for the errors in
the velocities, velocity dispersions and dynamical centers
of each galaxy), the average Ktot = 0.40 ± 0.07 suggests
that the majority of these galaxies are dominated by disk-

Many ways to use the “golden era”
telescopes/instrumentation
•
•
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Lots of amazing “follow-up” machines: but we need
groundbreaking, large-area, sensitive survey machines
No point in having S/N~zillion and getting “perfect”
measurements if we are “selection-limited”! (Why would
we want a perfect measurement of a biased sample?)
We need to survey with the best possible selection(s) and
apply them in the same way across cosmic times

From the “golden era” of follow-up
machines to the “Platinum era”

Understand the
SFH/ Part II

Improve SFH/
Part I

What we need:
A good (single) star-formation tracer that can be
applied with current instrumentation
Well calibrated + sensitive

Able to uniformly select large samples
Diﬀerent epochs + Large areas + Best-studied
fields

Hα (+NB)

•

MW SFRs up to z~2.5!

Sensitive, good selection
Well-calibrated
Traditionally for Local Universe
Narrow-band technique

•

Now with Wide Field near-infrared cameras:
can be done over large areas

•

And traced up to z ~ 3

broad-band

narrow-band emission-line

Selection really
matters

At z~2.3

Lyman-break/UV
selection: misses
~65-70% of starforming galaxies!
(metal-rich, dusty)
(+ systematics)
LAEs: miss ~80%
of star-forming
galaxies
HAEs get ~100%
down to the Ha
flux limit they
sample
See also Hayashi et al.
2013 for [OII]
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Selection really
matters
Selecting Star-forming
galaxies: Hα selected
samples recover the
wide range of Starforming galaxies +
Get robust SFRs

HiZELS

The High Redshift Emission Line Survey

(Geach+08,Sobral+09,12,13a)

•

(+Deep2 NBH
+ Subar-HiZELS + HAWK-I)
J. Matthee et al.

of the first galaxies in the universe, which might be very differen
from galaxies in our own neighbourhood. The properties of such
galaxies would provide strong tests to the best models of galaxy
formation and evolution.

Deep & Panoramic
extragalactic survey, narrowband imaging (NB921, NBJ, NBH,
NBK) over ~ 5-10 deg2

broad-bandCurrently
narrow-band
emission-line
the most distant spectroscopically
confirmed galaxy

•

~80 Nights UKIRT+Subaru
+VLT+CFHT+INT
Narrow-band Filters target Hα at
z=(0.2), 0.4, 0.8, 0.84, 1.47, 2.23
Same reduction+analysis

•

Figure 1. Figure illustrating the narrow-band technique. In red the transmission profile for the narrow-band filter is shown, while blue shows the
profile for the broadband filter. An emission line (for example H↵) is redshifted into the narrow-band filter. The source will be brighter in the narrowband than in the broad-band, so when these magnitudes are substracted, the
emission line is found. The redshift can be determined by other means, for
example photometric redshift and colour-colour selection.

small range of wavelengths, they can be used to look at a small
slice of redshifts and therefore a well-known comoving volume.)
Spectroscopic follow-up of high redshift candidates is a priori
easier for candidates detected by the narrow-band technique, as
these candidates will have strong emission lines. Strong emission
lines require less exposure time to robustly measure the redshift
and are easier to confirm.
The narrow-band technique has been successful in identifying
Lyman-↵ emitters at redshifts z ⇠ 4 7 (e.g. Hu et al. (1999);
Rhoads et al. (2000); Hu et al. (2002); Malhotra & Rhoads (2002);
?); Rhoads et al. (2003); Hu et al. (2004); Malhotra & Rhoads
(2004); Rhoads et al. (2004); ?); Iye et al. (2006); Kashikawa et al.
(2006); Shimasaku et al. (2006); Ouchi et al. (2008); Finkelstein
et al. (2009); Ota et al. (2010); Hibon et al. (2011)). Recent studies
led to candidate Lyman-↵ emitters at redshifts z = 7.7, but none
of these has been spectroscopically confirmed yet (Tilvi et al.
(2010); Hibon et al. (2010); Krug et al. (2012)). Up to at least a
redshift of z ⇠ 6 these studies find that the Luminosity Function
is remarkably constant. There are evidences for evolution at
z ⇠ 6 8, but these samples are small because of relatively small
probed comoving volumes and hence they are severely affected by
cosmic variance.
Until now some attempts (Willis & Courbin (2005); Cuby et al.

Other lines (simultaneously; Sobral
+09a,b,Sobral+12,13a,b,
14,15a,c;Matthee+14,Khostovan+15)

Sobral et al. 2013a

is at a redshift of 7.213 Ono et al. (2012), which is a Lyman-↵
emitter selected with the narrow-band technique using the Subaru
telescope. Another previous record holder was IOK-1 with a
redshift of 6.96. This one was detected in 2006 also using the
narrow-band technique, looking for Lyman-↵ in the NB973 band
Iye et al. (2006). Mortlock et al. (2011) found a quasar at a
spectroscopic redshift of 7.085, which is the most distant quasa
detected so far. (It shows that blackholes of mass 2 ⇥ 109 M
already existed when the Universe was only 700 million years
old.) ? detected a Gamma Ray Burst (GRB) with a redshift of 8.2
but this signal has vanished since then as the GRB dimmed. Using
the Lyman Break method candidate galaxies have been found a
very high redshifts (z ⇠ 7) (e.g. Bouwens et al. (2011); ?); Oesch
et al. (2012); McLure et al. (2012)) and even z ⇠ 10 (Ellis et al
(2013); Oesch et al. (2013); Bouwens et al. (2013)), but all of these
are too faint to confirm spectroscopically. Lehnert et al. (2010
claimed the spectroscopic detection of a 8.6 Lyman-↵ line of a
Lyman break galaxy in the Hubble Ultra Deep Field. But while
doing follow-up, Bunker et al. (2013) were unable to reproduce
the detection with two independent sets of observations, leading to
the conclusion that it was likely an artefact. Brammer et al. (2013
found a tentative Lyman-↵ emission line at z = 12.12 using the
HST WFC3 grism, but this is only a 2.7 detection and the authors
caution for the possibility of this being at a lower redshift because
of a high EW of the emission line.
This history motivates the search for the most luminous high red
shift sources, as they will be much more suitable for spectroscopic
follow-up.

>1000 galaxies
per NB slice

Unfortunately in near-infrared wavelengths there is signifi
cant foreground emission due to OH molecules in the Earth’s
atmosphere. Some transparant OH windows exist at wavelengths
where the atmosphere is transparant to radiation. It is possible to
observe near infrared radiation in these windows very effectively
and several filters have been developed for this purpose.

Lyman-↵ radiation is emitted by gaseous regions around
young stars. The stars ionize the gas and hydrogen recombination
leads to the emission of Lyman-↵. For a single burst of sta
formation this leads to an equivalenth width EW(Ly-↵) of ⇠ 0
300 (for a normal initial mass function and metallicities in range
of 0.2 - 1.0 Zsun ) and quickly drops to zero after about 10-1000
million years Verhamme et al. (2008). Other sources with strong
UV emission are quasars and active galactic nuclei (AGN). This
emission comes from a heated accretion disk around a centra
massive black hole. Around these accretion disks Lyman-↵ haloes
are found Weidinger et al. (2005). Equivalenth widths for AGN
can reach to EW(Ly-↵) > 150 Charlot & Fall (1993). Lyman-↵
emission can also originate from cold accretion. Once gas accretes

Double-NB survey
Sobral+12
400 Ha+[OII] / night!

NB921[OII]

Subaru joins UKIRT
to “walk through
the desert”

NBH HỬ

The first HỬ-[OII] large double-blind survey at high-z
Sobral et al. 2012

See Hayashi, Sobral et al. 2013: [OII] SFRs at z=1.5

without any need for colour or photometric redshift selections

Filters combined to improve selection: double/triple
line detections
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Right now: Full HiZELS (UKIDSS DXS fields) + CFHT (SA22):

z=0.8: 6000 z=1.47: 1200 and z=2.23: 1500
along with 1000s of other z~0.1-9 emission line selected
galaxies
Sobral et al. 2015a

25
20

0

5
10
Mpc

50
45
40
70 75
Mpc

50 55
Mpc

35

~10 deg2

Mpc

30

30

15

25

10
5
0

z=0.80

40

20
Mpc

5
0

20x20 Mpc ~0.7 deg2
Mpc

Mpc

Mpc

10

Mpc

10x10 Mpc~100 arcmin2

20
15
10

0

5

10 15
Mpc

20

50

55 60
Mpc

65

Sobral et al. 2015a

70

25

65

20

60

15

55

10

50

5
0

45

~2
40

10

deg2

20
Mpc

30

40

Mpc

0

z=2.23

35

35
30
25

30

20

25
Mpc

40

15

20
15

10

10

5
0

5

0

0
0

10

20
Mpc

30

40

10

20

30

40

50
Mpc

60

70

80

Hα emitters z=0.81+-0.01

90

Why we need large, multiple volumes! Sobral et al. 2015a

100
50

ρSFR
Φ∗
L∗

Cosmic

20

Variance

HiZELS z=1.47 & z=2.23

200

Colbert+13 0.7 < z< 1.5 (WISP)

Ly+11 z=0.8

% Error in parameter

500

10 deg2
Sobral+13 z=0.8 (HiZELS)

1 deg2

Typical areas

10
5
0

10

20

30

40

50

60

70

Total co-moving volume probed (104 Mpc3)

With *real* data

Errors < 20%

1.0

Predictions for EUCLID!
Sobral et al. 2015a

-1.5

log(Φ (Mpc−3))

-2.0
-2.5
-3.0
-3.5

z=0.08 (Ly+07)

-4.0

z=0.4 (Sobral+13)
This Study (z=0.8, SA22)

-4.5

This Study (Best-fit, SA22)

-5.0

z=0.84 (Sobral+13)

z=0.8 (Ly+11)

-5.5

z=0.84 (Sobral+13)

-6.0

z=2.23 (Sobral+13)

z=1.47 (Sobral+13)

40.5

41.0

41.5
42.0
42.5
log(LHα (erg s−1))

43.0

Hα Luminosity function: last 11 Gyrs

Sobral et al. 2013a

Sobral et al. 2013a

Fully self-consistent SFH of the Universe

Salpeter IMF

H +[OIII] and [OII] LFs out to z ⇠ 5
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[OII] Star-formation history of the
Universe from z=0 to z~5
H +[OIII] and [OII] LFs out to z ⇠ 5

Khostovan, Sobral, Mobasher et al. 2015

Figure 9. Left: Presented are the [OII] Luminosity Functions along with those from the literature. We find that the evolution from the
low-z studies of Gallego et al. (2002) and Ciardullo et al. (2013) to our z = 4.7 LFs is quite strong and clear. We find agreement between
the z = 1.85 LF of Bayliss et al. (2011) and our z = 2.23 LF. We also find that our z = 1.47 LF is in agreement with the HiZELS
[OII] study of Sobral et al. (2012) and the Subaru Deep Survey study of Ly et al. (2007). Top Right: The evolution in the normalization
of the LF. We find that ? has been decreasing from z ⇠ 1.47 to z ⇠ 3.3 and then by z ⇠ 4.7 it flattens out. Although this evolution
is somewhat poor when considering the range in the error bars for our z = 3.3 and z = 4.7 [OII] measurements. Bottom Right: The
Evolution of L? . We find a perfect, clear evolution in L? all the way to z ⇠ 3 and then a flattening by z ⇠ 5.

son of their observed luminosity function to our z ⇠ 0.8 LF
by taking their binned data points and directly comparing
them to our binned data and found that they are in perfect
agreement. The di↵erence is that Ly et al. (2007) omitted
the brightest bins as it is susceptible to poor statistics (e.g.,
⇠ 1 source per bin & large error bars). Our binned data
include a larger number of emitters for the bright-end in
comparison to Ly et al. (2007), which allows us to properly
constrain this part of the LF without omitting any bins. Although it should be noted that our results are based on a
larger comoving volume such that the results of Ly et al.
(2007) is based on a comoving volume 8 times smaller and
covering a single field making their results probe to cosmic
variance (see ?).
Figure 8 shows the evolution of L? along with the results from other studies. There is a strong trend in which
L? is increasing from z = 0 2.23 and then flattens. This
trend is supported by Ly et al. (2007), Pirzkal et al. (2013),
and Colbert et al. (2013). As discussed above, we see a notable di↵erence between the L? for our z = 0.84 and the

z ⇠ 0.83 measurement of Ly et al. (2007). If this discrepancy is ignored and we compare the Ly et al. (2007) overall,
along with the measurement of Pirzkal et al. (2013), we still
see that the low-z measurements are pointing in the same
strong evolution that have measured at the high-z regime.
The agreement between our measurements and that of the
[OIII] grism spectroscopy study of Colbert et al. (2013) also
enhances the strength of our data and results, as discussed
above.

For the normalization of the LF, we see an evolution
(figure 8) such that ? drops as redshift increase up to z ⇠ 2
and flattens after z ⇠ 3. This is consistent with the collection
of UV LFs (i.e., Oesch et al. 2010), while our determination
is based on a reliable H +[OIII] sample. In comparison to
the other H +[OIII] studies, we find that our measurements
are in agreement with the results of Colbert et al. (2013).

c 2015 RAS, MNRAS 000, 1–21

Ali Khostovan
Go see his
poster!

See also Tomoko Suzuki’s talk
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Equally selected “Slices”
with >1000 star-forming
galaxies in multiple
environments and with a
range of properties

H2
NBJ

NBH

NBK

Check out the latest results:
Size + merger evolution: Stott+13a
Metallicity evolution + FMR: Stott+13b,14
Catalogues are public!
[OII]-Ha at high-z: Hayashi+13,Sobral+12
Dust properties: Garn+10,S+12,Ibar+13 Dynamics: e.g. Swinbank+12a,b, Sobral+13b
Lyman-alpha at z>7: Sobral+09b,Matthee+14
Clustering: Geach+08,13, Sobral+10
[OII]+[OIII] LFs to z~5: Khostovan+15 Environment vs Mass: e.g. Sobral+11, Koyama+13
AGN vs SF: Garn+10, Lehmer+13, Sobral+15c

SFR function: 11Gyr evolution
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Figure 10. The redshift evolution of the (Hα-derived) SSFR at M∗ =

Environment at z~1

Sobral et al. (2011)

Results reconcile previous apparent contradictions
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Super-cluster at z~1: Fully in 3-D:
Darvish, Sobral+2015

Darvish, Sobral+2014

Behnam
Darvish

Galaxy Dynamics at z~0.8-2.2
Swinbank, Sobral al. 2012

The Dynamics and Metallicity Gradients of Star-Forming Galaxies at z = 0.84–2.23

78

Swinbank et al. From

gure 3. Hα and dynamics maps of the SHiZELS targets. For each galaxy, the left hand panel shows the Hα emission line flux. The
ntours denote a star-formation surface density of ΣSF =0.1 M⊙ yr−1 kpc−2 . The central two panels show the velocity field and line-sight velocity dispersion profile (σ) respectively. The right hand panel shows the residual velocity field after subtracting the best-fit
nematic model. The r.m.s. of the residuals is given in each panel (for SHiZELS 4&12 there are too few resolution elements across thekinemetry
urce to meaningfully attempt to fit disk models).

~45 hours of VLT time

AO IFU observations

Figure 3. continued...

coeﬃcients. We therefore allow the dynamical
center to vary over the range allowed by the family of best-

in the plot the kinemati
a velocity gradient of 480

Galaxy Dynamics at z~0.8-2.2
2

Swinbank, Sobral
et al. 2012
The Star-Forming ISM at z = 0.84–2.23 from HiZELS

Swinbank al. 2012b
(MNRAS/ApJ):
- Star-forming clumps: scaledup version of local HII regions
- Negative metallicity
gradients: “inside-out” growth

Fig. 1.— Hα intensity and kinematics of the SHiZELS galaxies in this paper. For each source, the left hand image shows the Hα emission
line map, the central image shows the Hα velocity field with the best-fit kinematic model overlaid as contours and the right-hand image
shows the line of sight velocity dispersion. At least six galaxies (SHiZELS 1, 7, 8, 9, 10, & 11), have dynamics that suggest that the ionised
gas is in a large, rotating disk as suggested by velocity field modelling and low kinemetry values (KTOT =0.20–0.49; Swinbank et al. 2012).
Two are compact (SHiZELS 4 & 12) and the dynamics of SHiZELS 14 are more complex which may suggest a merger.

time when they are assembling the bulk of their stellar mass, and thus at a critical stage in their evolutionary history. We use the data to explore the starformation distribution and intensity within the ISM, as
well as the properties of the star-forming regions. We
adopt a WMAP cosmology with ΩΛ =0.73, Ωm =0.27, and
H0 =72 km s−1 Mpc−1 . In thic cosmology and at the median redshift of our survey, z=1.47, a spatial resolution
of 0.1′′ corresponds to a physical scale of 0.8 kpc. All
quoted magnitudes are on the AB system. For all of the
star-formation rates and stellar mass estimates, we use a
Chabrier IMF (Chabrier 2003).

and were reduced in an identical manner to the science
observations.
As Fig. 1 shows, all nine galaxies in our SINFONIHiZELS survey (SHiZELS) display strong Hα
emission, with a range of Hα luminosities of
L(Hα)∼1041.4−42.4 erg/s (star-formation rates of 1–
14 M⊙ yr−1 ; Kennicutt 1998a). Fitting the Hα and
[Nii]λλ6548,6583 emission lines pixel-by-pixel using a χ2
minimisation procedure we construct intensity, velocity
and velocity dispersion maps of our sample and show
these in Fig. 1 (see Swinbank et al. 2012 for details).

2. OBSERVATIONS

For this sample, the ratio of dynamical-to-dispersion
support is v sin(i)/σ=0.3–3, with a median of 1.1±0.3,
which is consistent with similar measurements for both
AO and non-AO studies of star-forming galaxies at this
epoch (Förster Schreiber et al. 2009). As Swinbank
et al. (2012) show, the velocity fields and low kinemetry values (KTOT =0.20–0.49) suggest that at least six

Details of the target selection, observations and datareduction are given in Swinbank et al. (2012). Briefly, we
selected nine galaxies from the HiZELS survey with Hα
fluxes 0.7–1.6×10−16 erg s cm−2 (star-formation rates 1–
14 M⊙ yr−1 ) which lie within 30′′ of bright (R<15) stars.
We performed natural guide star adaptive optics obser-

3. ANALYSIS & DISCUSSION

SINFONI
~50 hours of VLT time

Figure 3. Hα and dynamics maps of the SHiZELS targets. For each galaxy, the left hand panel show
contours denote a star-formation surface density of ΣSF =0.1 M⊙ yr−1 kpc−2 . The central two panels
of-sight velocity dispersion profile (σ) respectively. The right hand panel shows the residual velocity fi
kinematic model. The r.m.s. of the residuals is given in each panel (for SHiZELS 4&12 there are too fe
source to meaningfully attempt to fit disk models).
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Figure 3. Hα and dynamics maps of the SHiZELS targets. For each galaxy, the left hand panel shows the Hα emission
line to
flux.
The
contours denote a star-formation surface density of ΣSF =0.1 M⊙ yr−1 kpc−2 . The central two panels show the velocity field and lineof-sight velocity dispersion profile (σ) respectively. The right hand panel shows the residual velocity field after subtracting the best-fit
kinematic model. The r.m.s. of the residuals is given in each panel (for SHiZELS 4&12 there are too few resolution elements across the
(2008) and define
source to meaningfully attempt to fit disk models).

(2008) and define the velocity asymmetry (KV ) as the average of the kn coeﬃcients with n=2–5, normalised to the first
Cosine term in the Fourier series (which represents circular
motion); and the velocity dispersion asymmetry (Kσ ) as the
average of the first five coeﬃcients (n=1–5) also normalised
to the first Cosine term. For an ideal disk, Kv and Kσ will be
zero. In a merging system, strong deviations from the idealised case causes large Kv and Kσ values, which can reach
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gure 3. Hα and dynamics maps of the SHiZELS targets. For each galaxy, the left hand panel shows the Hα emission line flux. The
ntours denote a star-formation surface density of ΣSF =0.1 M⊙ yr−1 kpc−2 . The central two panels show the velocity field and line-sight velocity dispersion profile (σ) respectively. The right hand panel shows the residual velocity field after subtracting the best-fit
nematic model. The r.m.s. of the residuals is given in each panel (for SHiZELS 4&12 there are too few resolution elements across thekinemetry
urce to meaningfully attempt to fit disk models).

Figure 3. continued...
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Fig. 2.— Two dimensional velocity fields for the sixteen galaxies in our KMOS sample. The contours denote the dynamics of the best-fit
two dimensional disk model. From these velocity fields, thirteen galaxies have dynamics that resemble rotating systems, and we extract
one dimensional rotation curves (shown as insets for each galaxy) extracted from the dynamical center and position angle from the best-fit
dynamical model. In these plots, the error bars for the velocities are derived from the formal 1σ uncertainty in the velocity arising from
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Structural evolution of H↵-selected galaxies from z⇠0 to z⇠2.3
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A sample of hundreds of H↵-selected galaxies

The Calar Alto legacy integral field area survey

The KMOS redshift one spectroscopic survey

Using H↵ narrow-band imaging over very
large areas through the HiZELS survey [4], we
have obtained samples of thousands of galaxies
selected in a consistent way since z⇠2.5 until
today. Here we present the structural analysis
of the CALIFA DR2 sample together with the
KMOS followed-up sample.

Being one of the best local IFU surveys, CALIFA was designed to obtain spatially resolved
spectroscopy of a diameter selected sample of
⇠600 galaxies. The 2nd Data Release [2] contains data for ⇠200 sources spanning redshifts
between 0.005 and 0.03, which enable us to
characterize observationally a wide range of
properties such as stellar masses, ionization
conditions and morphological types.

KROSS is a large programme at VLT that aims
to resolve spatially the dynamics, metal content and star formation of 1000 galaxies at z⇠1.
With such a large sample, one will be able to
compare different bins of stellar mass, star formations, rotational speeds and quantify trends
from galaxy scaling relations and investigate
the role of nature and nurture in galaxy evolution since z⇠2.5.star formation rate density

GALFIT: a parametric galaxy fitting code

GALFIT [3] is a public available 2D parametric
image-fitting algorithm designed to study the
structural components of galaxies using wellknown parametrized models from the literature. For the purpose of this work single Sérsic profiles were applied. Masking of bright
MOS$redshi.$survey:$evolu5on$of$the$light$in$bulges$
neighbours and proper PSFs were taken
$~0.8”!,!Lidia!Tasca!et!al.!(arXiv:!1403.7203v1
)! into account during the fitting process. Highly irregular galaxies are excluded from the final sample.

Spectrophotometric%
proper2es%of%galaxies%

Structural%and%morphological%
evolu2on%of%galac2c%components%
Three typical velocity maps from the CALIFA website [7].
Examples of H-↵ velocity maps shown in [5].

Stott et al. 2015
re%the%physical%drivers%of%galaxy%forma2on%and%evolu2on?”%
Can we study the relation of both local and high redshift samples to establish the basis for a full
The evolution of sizes and Sérsic indices from the peak of the star-formation history till today

CO follow-up well underway with ALMA and PdBI

ALMA

PdBI

PdBI

Towards resolved (~sub-kpc) Ha + CO + dust maps
and evolution from z~2 to z~0 for “typical” SFGs

PdBI

Mgas = 1-3x1010Mo (a=2)
M* = 2-4x10Mo
fgas ~30-50%
Mgas / SFR ~ 1Gyr
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Equally selected “Slices”
with >1000 star-forming
galaxies in multiple
environments and with a
range of properties
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Check out the latest results:
Catalogues, Ha LFs: Sobral+12,13,15a
Size + merger evolution: Stott+13a
Metallicity evolution + FMR: Stott+13b,14 Dynamics: Swinbank+12a,b, S+13b, Stott+14
[OII]-Ha at high-z: Hayashi+13,Sobral+12 Lyman-alpha at z>7: Sobral+09b,Matthee+14
Dust properties: Garn+10,S+12,Ibar+13 Environment vs Mass: e.g. Sobral+11, Koyama+13,
Clustering: Geach+08,13, Sobral+10
Darvish+14
AGN vs SF: Garn+10, Lehmer+13, Sobral+15c
[OII]+[OIII] LFs to z~5: Khostovan+15

Summary:

last 11 Gyrs

- Hα selection z~0.2-2.2: Robust, self-consistent SFRH +
Agreement with the stellar mass density growth
- The bulk of the evolution over the last 11 Gyrs is in the
typical SFR (SFR*) at all masses and all environments:
factor ~13x
- Selection eﬀects: selection really matters! Need to
compare like with like!
- SINFONI w/ AO: Star-forming galaxies since z=2.23: ~75%
“disks”, negative metallicity gradients, many show clumps
- KMOS+Hα (NB) selection works extraordinarily well: resolved
dynamics of typical SFGs in ~1-2 hours, 75+-8% disks, 50-275km/s
- Largest NB surveys: Hα, [OIII] & [OII]: many lessons learnt,
Luminosity functions up to the highest luminosities/volumes

