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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.

Rodighiero et al. (2011)

by the BzK-selected sample with UV-based SFRs. Still,
the PACS SFR-selection cut is visible at ∼ 60 M!/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 combination of such datasets is clearly ideal to obtain a statistical 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

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 different
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 confirmed by the average V /Vmax being 0.504 ± 0.023 and
0.56 ± 0.05, for the COSMOS- and GOODS-PACS sam-

Figure 2. Left: double-Gaussian decomposition (main-sequence, MS, and starburst, SB, activity) of
sSFR distributions are re-aligned as described in Section 2.2. Gray bands span 95% confidence regi
(total) distribution. Text inserts: best-fit parameters (median of the posterior probability distributio
plotted. Right: covariance between best-fit parameters of MS and SB Gaussian (panels (a) and (b)),
(c)–(f)). Light, intermediate, and dark shades of gray, red, and green extend to the 3σ , 2σ , and 1σ
preferred value (X ∈ {MS, SB}): amplitudes AX —linear; peak position $sSFR%X and width σX —l

Sargent et al. (2012)

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).
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The SMUVS infrared galaxy survey

H.J. McCracken et a

SMUVS
(PI Caputi)
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UltraVISTA

Spitzerʼs largest window to the early Universe

ultra-deep

McCracken et al. (2012)

~300,000
galaxies
over 0.66
sq.deg.

COSMOS field
Deshmukh, KC et al., subm. ;

deep

STRIPE 3

STRIPE 2

CANDELS

STRIPE 1

Ashby, KC et al., in prep.

Cowley, KC et al., subm.

both on arXiv today!

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

on the VISTA telescope at Paranal as part of the UltraVIS
survey program. VIRCAM is a wide-field near-infrared cam
consisting of 16 2048 ⇥ 2048 Raytheon VIRGO HgCdTe arr
arranged in a sparse-filled array with gaps between each array
0.90 & 0.425 of a detector in X and Y respectively (Emerso
Sutherland 2010). The mean pixel scale is 0.34⌥⌥ pixel 1 (Dal
2006).
The sky coverage of the 16 non-contiguous detectors
called a “pawprint”. A contiguous region of size 1.5⇤ ⇥ 1.23⇤
be covered by means of six pawprints suitably spaced in ri
ascension and declination with random 60⌥⌥ jitter offsets in b
directions (two ⇧ 0.1⇤ bands at the top and bottom of the fi

Searching for prominent Hα emitters from 3.6 μm excess

Emission lines with high EW can produce discernible broad-band flux 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)
For Spitzer IRAC data, technique is sensitive to rest EW > 150 Angstroms

“Hα excess” galaxies in SMUVS at z=3.9-4.9
Fraction of "Hα excess" galaxies

1

5900+ galaxies analysed
1/3 have “Hα excess”
KC et al. (2017)
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15% of all galaxies at z~4-5 are starbursts

-6

The origin of the bimodality on the SFR-M* plane
Hα EW ~ sSFR x M / L R

Fumagalli et al. (2012)
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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.

The bimodality is not produced by a single property
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starbursts at z~4-5 arethough
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of young,
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Starbursts make > 50% of SFRD at z=4-5
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tween quenched, SF and starburst galaxies in order to derive the
MS without contaminants.

Our results in context

of all CANDELS galaxies in di↵erent z, only
ve stellar mass completeness.
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Messages to take home…

❖

The SMUVS galaxy survey provides unprecedented large area + depth
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

❖

Important implications for galaxy formation models
connection to galaxy mergers is unclear, but needs to understand what triggers
starburst phase

Thanks!

