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  Starbursts - just a mere curiosity?

The lesser role of starbursts for star formation at z = 2 3

Figure 1. Stellar mass – Star Formation Rate relation at 1.5 < z < 2.5. We use four main samples: the ”shallow” PACS-COSMOS sources
(red filled circles), the deeper PACS-GOODS South (cyan squares), the BzK-GOODS sample (black filled circles) and the BzK-COSMOS
sources (black dots). The solid black line indicates the main sequence (MS) for star-forming galaxies at z ! 2 defined by Daddi et al.
(2007), while the dotted and dashed lines mark the loci 10 and 4 times above the MS (along the SFR axis), respectively. The star indicates
the PACS source detected by Aztec at 1.1mm in the COSMOS field. In the smaller inset, we show the same information as in the main
panel, however here the stellar mass is presented as a function of the SSFR.

by the BzK-selected sample with UV-based SFRs. Still,
the PACS SFR-selection cut is visible at ! 60M!/yr,
and most BzK galaxies remain undetected below this
limit.
The PACS-GOODS sample also allows to populate the

region with excess SFRs above the MS, something harder
to do with UV-based SFRs due to obscuration. The com-
bination of such datasets is clearly ideal to obtain a sta-
tistical census of high-SFR galaxies as well as high SSFR
(see the insert of Fig. 1). Indeed, half of PACS-detected
sources over the COSMOS field, either do not have a BzK
counterpart, or their SFR is a factor ! 4 or more higher
than their UV-based SFR. We interpret this as evidence
that most of the SF activity in these galaxies is heavily
dust-obscured in the UV.
In order to investigate the frequency and relative role

of galaxies on and o! the MS, we have derived the num-

ber density distribution of galaxies in four stellar mass
bins as a function of their SSFR (see Fig. 2). We assume
no redshift incompleteness for the BzK galaxies over the
1.5 < z < 2.5 range (see, e.g., McCracken et al. 2010),
whereas for PACS galaxies the flux limits imply di!erent
SFR limits as a function of redshifts. Therefore, 1/Vmax
corrections were computed with the same templates used
to derive the IR luminosities. This procedure implicitly
assumes no strong evolution of the number density of
the population in the probed redshift range. This is con-
firmed by the average V/Vmax being 0.504 ± 0.023 and
0.56± 0.05, for the COSMOS- and GOODS-PACS sam-
ples, respectively. The SSFR distributions from the four
samples agree within the errors (Poisson) in the regions
of overlap, providing an important cross-check of the so-
lidity of our approach.
In absence of a clear bimodality in Fig. 1, the distri-
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Figure 2. Left: double-Gaussian decomposition (main-sequence, MS, and starburst, SB, activity) of the sSFR distribution at fixed M! > 1010 M! for galaxies at z " 2.
sSFR distributions are re-aligned as described in Section 2.2. Gray bands span 95% confidence regions; white (black) cores trace the preferred main-sequence/starburst
(total) distribution. Text inserts: best-fit parameters (median of the posterior probability distribution and 95% confidence limits) for the normalized double-Gaussian
plotted. Right: covariance between best-fit parameters of MS and SB Gaussian (panels (a) and (b)), and between SB parameters and individual MS parameters (panels
(c)–(f)). Light, intermediate, and dark shades of gray, red, and green extend to the 3" , 2" , and 1" confidence contour. Offsets are parameterized in fractions of the
preferred value (X # {MS, SB}): amplitudes AX—linear; peak position $sSFR%X and width "X—logarithmic.

Gaussian are expressed relative to the main-sequence Gaussian)
in Figure 2. The posterior probability distributions of the
individual parameters are well behaved (viz., unimodal) but
subject to some covariance, especially among the parameters of
the starburst component (cf. Figure 2, right).

With our double-Gaussian decomposition of the (s)SFR dis-
tribution, we obtain a modified estimate of the contribution
of starburst activity to the SFRD at z " 2 of 14.2+1.7

&1.3%
(68% confidence limits) as opposed to Rodighiero et al.
(2011) who find "10% when considering only sources with
sSFR/$sSFR%MS > 4. We do not update the computation of the
number density of starbursts in Rodighiero et al. (2011) because
galaxies below their sSFR threshold are likely hybrid sources
where normal and burst-like SF coexist.

3. RESULTS

To construct IR (8–1000 µm) LFs for the interval z ! 2 we
make two assumptions: (1) the double-Gaussian decomposition
of Figure 2, performed for galaxies at z " 2, remains valid at
all z < 2, implying an unchanged contribution to the SFRD of
normal and burst-like SF activity; (2) the slope of the main
sequence (measured to be "0.79) and the double-Gaussian
decomposition do not change at masses below those studied
by Rodighiero et al. (2011). The comparison of predicted IR
LFs with observations will reveal whether these simplifications
are justified. We also assume that low-sSFR outliers to the main

sequence do not contribute significantly (e.g., Salmi et al. 2012)
to the IR LF. Although little is known about the low-sSFR tail of
the distributions in Figure 2, this simplification seems justified
as most of these sources are passive galaxies undergoing little
obscured SF.

The mapping of the stellar MF to an IR LF is effectively a
convolution of the MF and a variable double-Gaussian kernel
with (1) normalization fixed by the shape of the MF and
(2) main-sequence peak position that—given the redshift—is
uniquely determined by the position of the SF main sequence in
the (s)SFR versus M! plane. Thanks to our decomposition, we
can then also identify the individual contribution of normal and
burst-like SF activity to the IR LF.

Figure 3 shows our predicted IR LFs (see also Table 1) and
luminosity density distributions for five redshift bins spanning
0 < z < 2.1. The starburst component (dark gray) has a reduced
amplitude and is shifted to higher luminosities than the main-
sequence contribution (light gray). We compare our prediction
with measurements of the z > 0 IR LFs of Le Floc’h et al. (2005)
and Rodighiero et al. (2010), both based on Spitzer/MIPS 24 µm
photometry. We also plot the LF of Magnelli et al. (2011) who
combine MIPS 24 and 70 µm data.3 The 1.4 GHz LFs for (color-
selected) SFGs in Smolčić et al. (2009) and Strazzullo et al.

3 The Herschel/PACS-based IR LFs in Gruppioni et al. (2010) are consistent
with Spitzer studies. We refrain from overplotting their LFs because they do
not help constrain the starburst contribution.
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  The SMUVS infrared galaxy survey

SMUVS

Ashby, KC et al., in prep.

H.J. McCracken et al.: first UltraVISTA data release

Fig. 1. Schematic layout of UltraVISTA observations, showing
deep and ultra-deep regions (hatched and filled regions respec-
tively). The data described in this paper correspond to a uniform
coverage in YJHKs of the contiguous region and to NB118 ob-
servations of the ultra-deep stripes.

on the VISTA telescope at Paranal as part of the UltraVISTA
survey program. VIRCAM is a wide-field near-infrared camera
consisting of 16 2048 ⇥ 2048 Raytheon VIRGO HgCdTe arrays
arranged in a sparse-filled array with gaps between each array of
0.90 & 0.425 of a detector in X and Y respectively (Emerson &
Sutherland 2010). The mean pixel scale is 0.34⌥⌥pixel�1 (Dalton
2006).

The sky coverage of the 16 non-contiguous detectors is
called a “pawprint”. A contiguous region of size 1.5⇤ ⇥1.23⇤ can
be covered by means of six pawprints suitably spaced in right
ascension and declination with random 60⌥⌥ jitter o�sets in both
directions (two ⇧ 0.1⇤ bands at the top and bottom of the field
receive half the exposure time).

Specifically, three pawprints with identical RA and with
Dec di�ering by 5.5⌥ = 47.5% of a detector height make up
a set of four stripes (corresponding to the ultra-deep stripes in
UltraVISTA), and another three pawprints shifted by 95% of a
detector width in RA make up another set of stripes, which to-
gether form a contiguous region where most pixels in the result-
ing stack are covered by two of the six pawprints.

Fig. 1 illustrates the layout of UltraVISTA observations
showing the deep survey, which will cover the full survey area,
and the ultra-deep part, which covers half of this area in a series
of ultra-deep stripes. The first season of UltraVISTA data de-
scribed in this paper comprises six contiguous pawprints in four
broad-band filters covering the deep survey area, each with equal
exposure times, and narrow band observations on the ultra-deep
stripes; subsequent observing seasons are expected to concen-
trate exclusively on the ultra-deep stripes.

The observations, carried out in service mode, are specified
by observation blocks (OBs). The characteristics of the OBs
used in UltraVISTA season one are listed in Table 1. Most of
the season one OBs comprise images jittered around the centre
of a single pawprint position, with the jitters being drawn from
a random, uniform distribution over a box of side length 120⌥⌥
(random jitters are necessary because of persistence e�ects in
VIRCAM and are also essential to derive a good sky frame).

The exception to this was the “NB118 three paws” OBs
(Table 1, which comprised images jittered around the centres of
the three pawprints forming the ultra-deep stripes. For OBs con-
taining more than a single pawprint per OB, the nesting (Table 1)
is important, and we did not use the optimal value. These OBs
had a nesting of “FJPME” such that F (filter) is the outermost
loop, and E (expose) is the innermost loop. The important as-
pect here is that the three pawprints (P) (spaced exactly by 5.5⌥
in Dec) are completed before a random jitter (J) is applied. This
means that the faint persistent images (i.e. fake sources that are
memories of a bright star at that x,y position on the detector in
the one or two previous exposures) will be present in the stack at
positions located 5.5⌥ (and 11⌥) away from bright stars in DEC.
We deal with this by masking the persistent images in the in-
dividual NB118 images (see Milvang-Jensen et al., in prep. for
details of the procedure). For the other UltraVISTA OBs, the
faint persistent images are fully removed by the sigma clipping
used in producing the stacks, thanks to the random jitters applied
between each single exposure. The first season of observations
described here comprise around 200 OBs in total. The average
e⇥ciency (calculated as the total exposure time divided by total
execution time these OBs) was 77%.

In light of our experience gained in the season one observa-
tions described here, from season 2 onwards we modified some
of the OBs. For Y , we changed the DIT to 60 sec (with NDIT
= 2), since 30 sec was unnecessarily short; for H, we changed
the DIT to 10 sec (with NDIT = 6), for the same reason. For
NB118, we changed the DIT to 120 sec (with NDIT = 1), since
300 sec was unnecessarily long. We also changed our observa-
tion strategy to jitters centered around a single pawprint per OB,
and changed the total exposure time per OB to 1 hour (corre-
sponding to 30 jittered exposures in an OB).

2.2. Image selection and grading

VIRCAM images are transferred to the Cambridge Astronomy
Survey Unit (CASU)5 for pre-preprocessing and removal of the
instrumental signature. This includes dark subtraction, correc-
tion for rest anomaly, flat-fielding, initial sky-subtraction, de-
striping, non-linearity corrections and gain normalisation(Irwin
2004). CASU subsequently provides these pre-processed images
for each survey, as well as stacks of images from a single OB and
pawprint, comprising typically 30 or 60 images.

For UltraVISTA we start from the individual pre-processed
images, rather than the stacked OB blocks, for a number of rea-
sons: firstly, the OB blocks are combined at CASU at the native
pixel scale of the instrument, which means that in good seeing
conditions (median FWHM ⌅ 0.6⌥⌥) VIRCAM data is under-
sampled. For this reason it is preferable to re-sample these data
at a finer pixel scale; secondly, one of the principal scientific
aims of the UltraVISTA project is to make measurements of dis-
tant (z > 6) and faint (Ks ⌃ 24) galaxies. To do this requires
extremely accurate removal of the sky background for each in-
dividual image; in the version of the CASU pipeline we used, a
single sky background was used for all images coming from a
given OB, and objects were not masked using the deepest pos-
sible mask. Given that the sky background is known to vary on
shorter timescales, this process may lead to a systematic mag-
nitude o�set at faint magnitudes near bright sources. For these
reasons we use an iterative sky-background removal technique

5 http://casu.ast.cam.ac.uk/surveys-projects/vista/
technical/data-processing
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  Searching for prominent Hα emitters from 3.6 μm excess

Technique shown for Hα at z~4-5 with Spitzer IRAC at 3.6 μm by Shim et al. (2011)  
see also Smit et al. (2016)

Emission lines with high EW can produce discernible broad-band flux excess

For Spitzer IRAC data, technique is sensitive to rest EW > 150 Angstroms



  “Hα excess” galaxies in SMUVS at z=3.9-4.9
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  A starburst / MS bimodality for Hα emitters at z=3.9-4.9
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  The origin of the bimodality on the SFR-M* plane

KC et al. (2017)

The bimodality is not produced by a single property
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Figure 6. Colour excess versus stellar mass for the “H↵
excess” galaxies. Datapoints corresponding to our identified
starbursts are highlighted with red dots. The vertical line
indicates the SMUVS 50% stellar-mass completeness at 3.9 
z  4.9.

though there is no bimodality in the M⇤/LR ratios, a
decreasing trend of these values with increasing sSFR is
evident, with starburst galaxies having a tight distribu-
tion of small M⇤/LR values. For the starbursts, we find
a median M⇤/LR = 0.12, with 16th-84th percentiles of
0.09-0.18. Instead, main-sequence H↵ emitters typically
have larger M⇤/LR, following a wide distribution: the
median is M⇤/LR = 0.31 and the 16th-84th percentiles
are 0.17-0.45.
The small M⇤/LR ratios for starbursts are mainly

the consequence of their systematic young ages, which
typically are a few ⇥107 yr, according to their best
SED fitting templates. However, starbursts are not the
only galaxies in our sample which are characterised by
such young ages: about 20% of the “non-H↵ excess”
galaxies with stellar mass 9.2  log10(M⇤)  10.8 at
3.9  z  4.9 have equally young best-fit ages in their
SED fitting. Besides, starbursts are also characterised
by having the largest extinction values among the “H↵
excess” galaxies at fixed stellar mass, but there is no bi-
modality in the colour excess E(B� V) distribution, as
can be seen in Fig. 6. All these facts indicate that the
sSFR bimodality for the H↵ emitters does not arise as
a consequence of a single galaxy property, but is rather
the consequence of the existence of a galaxy population
(i.e., the starbursts) with a particular combination of
properties: large H↵ EW, young ages, and mostly high
dust extinctions.
Although dust extinction and age can be degenerate

in the SED fitting, this does not appear to be a signif-

icant problem for our starburst galaxies. If we analyze
the probability density distribution as a function of age,
marginalised over all other variables, we find that ⇠90%
of the starbursts have 84th percentiles at ages < 108 yr,
i.e., they are truly galaxies dominated by young stellar
populations, in contrast to the main-sequence H↵ emit-
ters, whose ages are mostly > 108 yr.

4.2.4. The importance of starburst galaxies at z ⇠ 4� 5

The existence of di↵erent regions on the SFR-M⇤

plane, corresponding to di↵erent modes of star forma-
tion, has been analyzed in the literature at di↵erent red-
shifts, from the local Universe (Renzini & Peng 2015)
to z ⇠ 3 (e.g., Santini et al. 2009; Kajisawa et al. 2010;
Wuyts et al. 2011; Ilbert et al. 2015). Here we show,
for the first time, the existence of a prominent starburst
sequence along with the main sequence on the SFR-M⇤

plane at 3.9  z  4.9.
Starbursts constitute a small fraction (15%) of all the

SMUVS galaxies at 3.9  z  4.9, but the percentage
that we find here is significantly higher than the percent-
ages found at z ⇠ 2�3 (e.g., Rodighiero et al. 2011; Sar-
gent et al. 2012; Schreiber et al. 2015). This is the case
in spite of defining starbursts with an sSFR cut which is
quite higher than the value log10(sSFR) >

⇠

�8.1 adopted
by Rodighiero et al. (2011) at z ⇠ 2. At these lower
redshifts, the percentage of galaxies with log10(M⇤) > 9
and log10(sSFR) > �7.60 is negligible.
Starbursts and main-sequence galaxies are similarly

important in number among our “H↵ excess” galaxies
with 9.2  log10(M⇤)  10.8 at 3.9  z  4.9. However,
since starbursts make only ⇠ 15% of all the SMUVS
galaxies in these stellar mass and redshift bins, the me-
dian sSFR upper limits shown in Fig. 2 (right) lie all on
the star-formation main sequence.
Figure 7 shows how the fraction of starburst galaxies

at 3.9  z  4.9 varies with stellar mass. These frac-
tions range from ⇠ 0.25 at log10(M⇤) ⇠ 9.3 to < 0.05
at log10(M⇤) > 10.2, showing that the starburst phe-
nomenon is much more common among intermediate-
mass than massive galaxies at z ⇠ 4 � 5, consistently
to what is predicted by theoretical galaxy models (e.g.,
Cowley et al. 2017) and observed at lower redshifts (e.g.,
Bisigello et al. 2018).
It is interesting to do a back-of-the-envelope calcu-

lation of how much stellar mass these starbursts could
accumulate at these redshifts. A log10(sSFR) = �7.2
value implies a stellar-mass doubling time of 1/sSFR ⇡

1.6⇥ 107 yr = 0.016Gyr. The elapsed time between z =
4.9 and z = 3.9 is 0.379 Gyr. Besides, from Fig. 7 we see
that the fraction of galaxies with log10(M⇤) ⇠ 9.5 that
are starbursts is 0.20. So if we assume that all galaxies

Hα EW ~ sSFR x M / L R Fumagalli et al. (2012)

starbursts at z~4-5 are a population of young, 
dusty galaxies with high sSFR
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Fig. 11: Stellar mass versus the specific star formation rate. See
Figs. 10 and 9 for a description of the di↵erent studies and leg-
end.

et al. 2013; Oesch et al. 2015, 2016; Tasca et al. 2015), although
Ono et al. (2012) and Finkelstein et al. (2013) report a similarly
high sSFR at z > 7. Extreme emission line galaxies (EELGs)
at lower redshift show similar values on average, but the spread
is large enough that the upper envelope contains some galaxies
with log(sSFR)> �7.5 (Cardamone et al. 2009; Amorín et al.
2014, 2015; Maseda et al. 2014; Ly et al. 2014). A comparable
evolution of the sSFR with redshift as seen in normal galaxies
(see Speagle et al. 2014, for a recent compilation), could bring
the EELGs up to a similar sSFR found in our sample, strength-
ening the possible link between EELGs and high-redshift LAEs.

We compared the sSFR to all other parameters, but find
no further correlations with neither any gaseous nor any stel-
lar property. Even the apparent trend of an increasing sSFR with
increasing LLy↵within our sample disappears when other studies
are added, see Fig. 12. This suggests that the sSFR has no influ-
ence on the Ly↵ line profile or the physics that shape the line,
nor is the sSFR influenced by any other stellar parameter than
the stellar mass and age. It is noteworthy that in several of these
plots we find higher sSFR within our sample when compared to
other samples at a given property. This further suggests that the
high sSFR is driven by the low stellar mass and young age.

Most galaxies, except two (SW-50 and SW-51), are best fit
with a low metallicity, however a solar metallicity falls within
our 1� certainty range for most of the LAEs. A low metallicity
for most of these galaxies would be in agreement with all pre-
vious results that these are recently formed, low-mass galaxies
which are rapidly building up mass and have not been able to
produce a large amount of metals.

4.1. Ly↵ escape fraction

To understand the evolution and formation of the Ly↵ luminosity
function and the process of reionization it is important to
determine how much of the Ly↵ flux escapes the galaxy.
To estimate this, we follow previous studies, using the UV
or SED derived SFRUV/S ED and compare these to the SFR
calculated from Ly↵ (SFRLy↵) to define the escape fraction

Fig. 12: Ly↵ luminosity versus the specific star formation rate.
See Fig. 10 for a description of the di↵erent studies.

fesc=SFRLy↵/SFRS ED. We determine SFRLy↵ following Kenni-
cutt (1998) and assuming case B recombination:

S FRLy↵(M� yr�1) = LLy↵(erg s�1)/8.7 ⇥ 7.9 ⇥ 10�42. (1)

We caution the reader that this relation has been calibrated on
stable star forming galaxies and that this may not be applicable
at very young ages.

In Fig. 13 we show the Ly↵ escape fraction as a function
of stellar mass. We find higher escape fraction for lower stellar
masses, a trend which remains visible after other studies are in-
cluded. We note, however, that this trend is also a natural e↵ect
of the selection bias when studying LAEs. Galaxies with low es-
cape fractions will have very little or no Ly↵ emission, and will
therefore remain undetected in emission line studies, whereas
low mass galaxies will evade detection in the continuum. These
e↵ects would produce a trend similar to the one observed here,
however, the dearth of massive galaxies with high-escape frac-
tions is genuine and cannot be explained by selection e↵ects.

4.2. UV-continuum slope

We used the best-fitting SED model to measure �, the slope of
the UV spectrum defined as f� / �� (e.g. Meurer et al. 1999),
following Finkelstein et al. (2012). We chose to use the best-
fitting SED model to measure � rather than observed colors as
this was shown to be a more stable approach (e.g. Finkelstein
et al. 2012; Bouwens et al. 2014). We adopted the spectral win-
dows defined by Calzetti et al. (1994), and directly fitted a power
law to the best-fitting template in these windows. We find a clear
relation between the stellar mass and �, see Fig. 14, in agree-
ment with previous results (e.g. Bouwens et al. 2014). For each
galaxy, we derive the uncertainty of � by repeating the full-SED
modelling for 1000 mock galaxies, created by randomly dis-
turbing its photometry taken from a normal random distribution
based on the photometric errors. Because the minimum value of
� ⇡ �3.2 for BC03 models with a Chabrier IMF, galaxies with
photometric slopes bluer than this will almost always be best fit-
ted with � = �3.2, even after scattering the photometry. This
leads to unrealistically small errors for some of our UV-slopes,
e.g. NE-98. We then fitted a Gaussian to the distribution of � of
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Fig. 8. sSFR distribution of all CANDELS galaxies in di↵erent z, only
considering sources above stellar mass completeness.

Fig. 9. Left: ratio between QG and MS+QG galaxies at di↵erent stellar
masses. Right: ratio between SB and MS+SB galaxies at di↵erent stellar
masses. Points are divided into three di↵erent redshift bins: 0.56 z <1
(blew squares), 16 z <2 (green triangles) and 26 z <3 (red circles).
Empty symbols correspond to stellar mass bins where the sample is
below the 90% mass completeness.

the quenched galaxies increase in number with stellar masses
and they are a substantial number at log10(M⇤) >10.5 at z<2
(20-60%). The fraction of quenched galaxies also decreases
with redshift. The slope of the MS changes from 0.93±0.03 at
0.5 < z  1 to 0.84±0.06 at 2 < z < 3, decreasing with the red-
shift. However, a slight bending is present at high stellar masses
(log10(M⇤) >10.25) and the MS at lower masses is consistent
with a slope of ⇠ 1 and a mild evolution with redshift. A tight
sequence of SB galaxies is also present, with a slope close to
unity. On the other hand, quenched galaxies show a less clear se-
quence, they seem separated from the MS at log10(M⇤) >10 and
closer to the MS at lower stellar masses.

In addition, we analysed the impact of using di↵erent IR lu-
minosity derivation method on the high mass-end of the MS. In
particular, we considered two methods to convert 24 µm lumi-
nosity to LIR (C&E and Ba24), one to convert 70µm luminosity
to LIR (Ba70), one to convert flux at 24 µm to SFR (Ri09) and

a fifth one that derives the LIR by fitting 24-160µm observations
with empirical IR SED templates.

In general, the slope of the MS changes by <0.1 when includ-
ing the SFRIR, with all di↵erent LIR derivation methods, both
with a simple linear regression and decomposing the sSFR dis-
tribution with the Gaussian components. However, a proper anal-
ysis and inclusion of the SFRIR is essential when analysing the
MS slope at high stellar mass and its possible flattening, which is
indeed visible with UV-based SFR. Indeed, with some methods
the MS is consistent with no flattening.

Overall, using di↵erent fitting techniques and di↵erent LIR
derivation methods, we derived slopes between 0.86 and 0.95,
at 0.56 z <1, between 0.83 and 0.87, at 16 z <2, and between
0.82 and 0.89 at 26 z <3, with a scatter of ⇠0.1. A dependence
of the MS slope with the stellar mass is evident, therefore a flat-
terer (steeper) MS slope could be derived limiting the study to
high (low) stellar masses. Depending on the analysed redshift
and stellar mass range, it could be necessary to distinguish be-
tween quenched, SF and starburst galaxies in order to derive the
MS without contaminants.
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Starbursts are increasingly important at high z

The high starburst 
sSFR at z~4-5 are 

only seen in galaxies 
with M<10    Msun at 

z~3
8    



 Messages to take home…

❖  The SMUVS galaxy survey provides unprecedented large area + depth

❖  Important implications for galaxy formation models

connection to galaxy mergers is unclear, but needs to understand what triggers 
starburst phase

statistics + high dynamic range crucial to probe presence of starburst galaxies

❖  Importance of starbursts in cosmic SFH revisited  
they contribute >50% to cosmic SFRD at z~4-5



Thanks!


