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Figure 19. Dependence of UV continuum slope 3 on the definition of the
wavelength regions and assumption of dust attenuation law. The solid line
shows the 1-1 relation and the dashed lines show different offsets. Top
panel: dependence of 3 on the adopted wavelength window (with respect to our
choice, 1300 A-2300 A). Bottom panel: dependence of 3 on the assumed dust
attenuation law. Using an SMC dust attenuation results in redder slopes
compared to a Calzetti reddening law.

ALPINE galaxies would change if different wavelength ranges are
used. First, we do not find any differences in our measurements
compared to the definition by Calzetti etoal. (1994), vgho use 10
discrete fitting windows between 1300 A and 2600 A to avoid
strong absorption and emission lines (green diamonds). The other
symbols show the comparison to different wavelength ranges, and
we notice significant offsets from our measurements. For example,
defining 3 between 1600 A and 2200 A results in up to AgG = 0.1
bluer slopes (orange squares). Using a significantly redder
wavelength range, 1600 A to 2600 A, leads to 0.1-0.35 bluer
slopes (blue circles) compared to our definition. Note that the offset
varies as a function of 3 itself—specifically, differences are
enhanced toward redder slopes.

The second, more physically driven quantity that affects the
measurement of (3 is the assumed dust attenuation law. As
described in Section 4.1.2, the choice of the dust attenuation law
has a negligible affect on the stellar masses and SFRs. This is not
the case for the (3 slopes as shown in the lower panels of
Figure 19. The left panel compares 3 derived using Calzetti and
SMC dust attenuation. We notice a consistent positive offset of up
to AB = 0.3 for the reddest slopes. We compared the reduced x>
values output by LePhare for fits using a Calzetti and SMC dust
attenuation in order to derive a preference for either of the dust
attenuations. We find that the > values show insignificant
differences, which lets us conclude that we are not able to
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Figure 20. Comparison of UV slopes and stellar mass. The offset panels show
kernel density estimates of the 3 and stellar mass distribution. The ALPINE
galaxies (large symbols) are split into their method of selection (see
Section 2.1). We also show the data from our parent sample at 4 < z < 5
(gray dots). Statistically, our ALPINE peaks at ~0.2 dex higher stellar masses
and ~0.3 bluer (.

distinguish between the different dust attenuations based on our
SED fitting. Hence, we decided that the best way is to be agnostic
about the dust attenuation and combine for each galaxy the two
probability density functions Pcyy,ei(3) and Psyc(0) derived from
our Monte Carlo approach (Section 4.3.1) assuming equal
weighting to derive the median § and its 1o uncertainties. In
the lower left panel of Figure 19, the final combined (3 slopes are
compared to the § derived assuming a Calzetti attenuation. The
offset toward redder ( is significantly reduced due to narrower
probability density functions, assuming Calzetti dust (hence, the
average (3 is drawn to the Calzetti solution in most cases).

4.3.3. The (3 Slopes of the ALPINE Galaxies in Context

Figure 20 shows our 3 measurement (marginalized over both
Calzetti and SMC dust) as a function of stellar mass split in the
different methods of selection (Section 2.1). As the UV slope is
mostly affected by the dust attenuation, the strong correlation
between (3 and stellar mass is not surprising as more massive
galaxies are expected to be more dusty. The z ~ 5.5
narrowband-selected galaxies, statistically, have the bluest
slopes, indicating their dust-poor nature. The other galaxies are
spread out over the whole parameter space. We also show the
data from our parent sample at 4 < z < 6 in gray and compare
their § slope and stellar mass distribution to the ALPINE
sample in the kernel density estimate plots. Note that the 3
slope distribution of ALPINE galaxies peaks at A3 ~ 0.2 bluer
values than the parent sample at the same redshift. This is a
minor bias (likely caused by our spectroscopic selection) that
has to be kept in mind for future analyses.
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Table 4
List of Basis Stellar Population Models for the Parameterization of the Rest-
frame Optical Continuum at 4 < z < 5 to Derive Hoa Emission from Spitzer

Colors
Model SFH Metallicity Dust attenuation
(Z,,=0.02)
A Constant 0.02 Calzetti
B Constant 0.004 Calzetti
C Exp. declining” 0.01 Calzetti
D Constant 0.02 SMC
E Constant 0.004 SMC
F Exp. declining® 0.01 SMC
Note.

% Assuming 7 = 3 x 108 yr.

4.4. Measurement of Ho. Emission

Rest-frame optical emission lines in z > 4 galaxies are out of
reach of current spectrographs. Specifically, the Ha emission
provides a good tool to study the star formation properties of
galaxies in more detail. Fortunately, in the redshift range
4 < z < 5, the Ha line falls in the Spitzer 3.6 pum filter, while
the 4.5 pm filter lacks any strong emission lines. Therefore, the
[3.6 pum]—[4.5 pm] color can be used to constrain the Ho line
flux and its equivalent width (a proxy of recent stellar mass
build up). This method leads to Ha emission properties that are
statistically as accurate as derived from spectroscopic data
(Faisst et al. 2016a). Several such measurements have been
carried out in the past with success (Shim et al. 2011; Stark
et al. 2013; de Barros et al. 2014; Smit et al. 2014; Marmol-
Queralto et al. 2016; Faisst et al. 2016a; Rasappu et al. 2016;
Smit et al. 2016; Caputi et al. 2017; Faisst et al. 2019).

About 55% of the ALPINE sample (66 galaxies) lie in this
redshift range. To measure the Ha luminosity and equivalent
widths, we follow the same technique as outlined in Faisst et al.
(2019; we refer to this paper for more technical details). In
brief, this method makes an assumption on the rest-frame
optical continuum to which emission lines are added in a
consistent manner to reproduce the observed [3.6 um]
—[4.5 pm] colors of the galaxies. This approach is robust, as
it only depends on the slope of the rest-frame optical
continuum, which is well defined and nearly independent of
assumptions on age, metallicity, and star formation history for
galaxies younger than ~1 Gyr (mostly the case at z >4). To
describe the rest-frame optical continuum, we use several basis
stellar population models based on the Bruzual & Charlot
(2003) template library (see Table 4). For the dust correction of
the Ha emission, we assume the stellar E;(B — V) values
derived by LePhare, which we convert to nebular extinction
factors by assuming an f-factor*’ of 0.44 as measured in local
starburst galaxies (Calzetti et al. 2000). We also assume a
Calzetti and SMC reddening law. Furthermore, we assume an
[NI] to Haratio of 0.15, as expected for galaxies at
log(M /M) = 10 (Faisst et al. 2018), to correct the blending
of the [N II] and Ha lines.

47 The f-factor, f= E;(B — V)/E,(B — V), describes the differential dust
reddening between the stellar continuum and nebular regions. Its value is
largely unknown at z > 2, but it is expected that f approaches a value closer to
unity at higher redshifts (Erb et al. 2006; Reddy et al. 2010; Kashino et al.
2013; Koyama et al. 2015; Valentino et al. 2015; Puglisi et al. 2016; Kashino
et al. 2017; Faisst et al. 2019).

22

Faisst et al.
44.0 L B A B R A AL B BN L B T
[ O Calzetti, Z = 0.004, constant SFH (B) o
Calzetti, Z = 0.01, declining SFH (C) g) 1
r v SMC, Z=0.02, constant SFH (D) A 1
43.5 T 4 SMC, Z = 0.004, constant SFH (E) y&lj S
¢ SMC, Z = 0.01, declining SFH (F) O") l;
0 — g ‘!
£ 43.0 AL{?; g
S 21
£ 4 f
z L
& 425 r 1
g ¥ ]
< A ]
§ [ yu) Change from f=0.44 to f=1.0: |
s 42.0 ¢ = Calzetti ~ SMC g
F [ v . E(BV) = o¥o¥ oro¥ 1
I = at ]
IR} l ]
415 ,’SQ 1
e ]
41.0 /A TSN S I S T T T SN S ST S S ST ST SN SN (NS SN ST ST SN SN S S 'S
41.0 41.5 42.0 42.5 43.0 43.5 44.0

Lyq (Calzetti, Z=0.02, constant SFH, model A)

Figure 21. Effect of different assumptions of the rest-frame optical continuum,
reddening law, and f~factor (arrows show absolute decrease in luminosity from
f=0.44-1.0 for different stellar dust attenuations and reddening laws) on the
measurement of the Ha luminosity. The gray band shows the 1-1 relation with
£0.3 dex margin. The different models for the continuum are labeled in the
same way as in Table 4). The f-factor (differential reddening between stellar
continuum and nebular regions) has the strongest effect on the Ha luminosity
measurements.

In Figure 21, we show systematic uncertainties in the
measurement of the Ho luminosity due to the assumptions in
our model for the rest-frame optical continuum and the reddening
law (models A through F, see Table 4), as well as the f-factor for
E;(B — V) = 0.2 and 0.4. It is evident that different assumptions
in metallicity and SFH have a negligible impact on the measured
Ha luminosity. The choice of the reddening law matters as
the Ha luminosity decreases by ~0.3 dex for galaxies at high
Ha luminosities (log(Ly, /L) > 43.5) assuming an SMC red-
dening law. The f-factor is the largest uncertainty in this
measurement method and will have to be pinned down by future
observations with the JWST. For now, the assumed f= 0.44
provides likely an upper limit on the Ha luminosities. As shown
by the arrows in Figure 21, assuming an f-factor equal to unity
(which is thought to be more likely based on observations at
z~2) would decrease the Ha luminosities by up to 0.4 dex
(0.8 dex) for a stellar dust reddening of 0.2 (0.4) magnitudes. The
correction in the case of an SMC reddening law are 0.1-0.2 dex
less. We note that these factors also apply to Ha-derived SFRs
and any other quantity that depends linearly on the Ha luminosity.

The top panel of Figure 22 compares the SFRs derived from
SED fitting (Section 4.1) to the Ha: luminosity and Ha-derived
SFRs for galaxies without contaminated Spitzer photometry.
The latter is derived using the standard conversion factor given
in Kennicutt (1998),

SFRMg yr™ ) = 4.5 x 107*? Ly, (erg s™Y), 5)

assuming solar metallicity and a Chabrier IMF. Assuming one-fifth
solar metallicity, the inferred SFR is expected to be ~0.2 dex lower
(Ly et al. 2016). As shown in Faisst et al. (2019), the uncertainty of
this conversion factor is negligible compared to the impact of the
uncertain f-factor. The Ho luminosities in the ALPINE sample
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Figure 22. Top panel: comparison of SED-derived SFRs to Ha luminosity
(left y-axis) and Ha-derived SFR (right y-axis). The latter are derived from
Ha assuming the conversion factor by Kennicutt (1998) for solar metallicity
(dashed line and £0.3 dex margin, gray). Only galaxies with uncontaminated
Spitzer photometry are shown. The symbols are color-coded by stellar mass.
The star-symbols denote mergers based on the classification in Le Fevre et al.
(2019). The Ha-dependent quantities are derived assuming a Calzetti
reddening law, constant SFH, solar metallicity, and f = 0.44 (see Figure 21
for effect of different assumptions). Above an SFR of ~13 M, yr~!, the two
SFRs are comparable. Below that threshold, the scatter in the Ha-derived SFRs
increases due to low S/N of the 4.5 um observations (see Faisst et al. 2019).
Bottom panel: comparison of Ho and [C II] luminosity. Shown are only
galaxies with Ha measurements and uncontaminated Spitzer photometry.
[C II] undetected galaxies (at <3.5¢0) are indicated with upper limits. The lines
and dashed margins show the expected relation between Ha and [C 1I] derived
combining the relations from Kennicutt (1998) and De Looze et al. (2014; for
their entire sample and metal-poor dwarf galaxies, see the text). Note that at
lower [CII] luminosities (<5 x 108 L), the galaxies seem to be more
consistent with the relation of local metal-poor dwarf galaxies.

range from ~10*' L. to ~10% L, assuming f= 044 and
Calzetti et al. (2000) dust attenuation. The Ha~derived SFRs trace
well the SED-derived SFRs above ~13 M, yr~!. Below that
value, we see a large scatter in Ho derived SFRs, which happens
when the Ha emission becomes too faint to be measured reliably
using the Spitzer broad bands. Specifically, this is the case roughly
atlog(M /M) = 9.5, which corresponds to a 4.5 um detection of
less than 50 (see Figure 3 and the Appendix in Faisst et al. 2019).

The lower panel of Figure 22 relates the Ha: luminosity (here
in units of solar luminosity) to the [C II] luminosity measured
by ALMA (also solar luminosity). In addition, we show the
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Figure 23. The rest-frame Hao EW of our ALPINE galaxies in context of local
galaxies (gray cloud) and z = 4.5 galaxies from Faisst et al. (2019) (gray
squares). The Ha EW is related to stellar mass and sSFR derived from SED
fitting (color-coded). The ALPINE sample at 4 < z < 5 builds a representative
subsample of the general galaxy population at z >4, also in terms of
Ha properties. Although with similar stellar masses as local galaxies, the high-
redshift galaxies reside at significantly higher Hoe EWs, which is naturally
explained by their higher star formation. Note the two galaxies with particularly
low sSFR (<1 Gyr~!, and consistently low Hoe EWs of less than 30 A) that fall
onto the massive end of the distribution of local galaxies. These galaxies are
indicative for systems with evolved stellar populations at high redshifts with
currently reduced star formation activity.

expected relation between Ha and [C II] luminosity by
combining Equation (5) with the linear relation between
[CII] and SFR derived by De Looze et al. (2014) from local
and low-redshift galaxy samples,

log(SFR / [Mo yr ') = a x log(Licm / Le) + 7, (6)
for different values of intercepts (7) and slopes ().
Specifically, we are showing the relation for their entire sample
(a=1.01, y=—6.99, blue hatched) and the metal-poor dwarf
galaxies (a=0.80, y=—5.73, red hatched). For bright
[CII] galaxies (Licm 2 5 X 108 L), we find a good agree-
ment with the entire local sample. For lower [C II] luminos-
ities, the Ha measurements fall below this relation and are
instead more consistent, although with a large scatter, with the
relation of metal-poor local dwarf galaxies. The majority of
[C IT] undetected galaxies align well with either relation,
however, the uncertainty in the Ha measurements becomes
substantial as galaxies fall below log(M /M) = 9.5.

Figure 23 shows the rest-frame Ha EW distribution of our
ALPINE galaxies in the context of local galaxies (gray cloud)
and other z ~ 4.5 galaxies on the COSMOS field (gray, Faisst
et al. 2019). The Ho EW for the z > 4 galaxies is derived
consistently assuming a constant SFH, Calzetti reddening law,
and f = 0.44. The ALPINE galaxies cover the parameter space
of the other z ~ 4.5 galaxies and, hence, build a representative
sample also in terms of Ha properties. For a fixed stellar mass,
the high-redshift galaxies have higher Hoe EWs compared to
local galaxies, which is expected from a galaxy evolution point
of view as galaxies at higher redshift are highly star-forming.
Note that two galaxies in the ALPINE sample have similar
Ha EW values as massive (log(M /M) > 10.5) local galaxies.
Consistently, also their sSFR are low (<1 Gyr~1), which is
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indicative of them being systems with evolved stellar
populations at high redshifts.

5. Summary and Conclusions

The early growth phase at redshifts 7 = 4-6 marks an
important time in which galaxies build up their stellar mass,
enrich in metals and dust, and change their structure to
transform into galaxies at the peak of SFR density or thereafter.
For a better understanding of this interesting galaxy population,
a multiwavelength survey is crucial. ALPINE comprises a
valuable set of 118 galaxies at 4.4 < z < 5.9 with unprece-
dented ALMA data at ~150 ym FIR wavelengths. Together
with the ancillary data presented in this paper, it makes it the
first large panchromatic survey to discover the formation and
study the evolution of galaxies during the early growth phase.

Summarizing, the science enabling corner stone data sets of
ALPINE are:

1. Unprecedented ALMA observations to study the dust,
gas, and outflow properties of the largest sample of
galaxies to-date at z > 4 (Bethermin et al. 2020),

2. Consistently calibrated deep spectroscopic observations
at rest-frame UV wavelengths (Section 2) to study
Lya emission and absorption lines (Sections 2.4, 2.4.2),

3. Coherent ground-based (and space-based in ECDES)
imaging data from the optical to near-IR (Section 3) for
the measurement of various properties from SED-fitting
methods (Section 4.1), including stellar masses and SFRs
(Section 4.1.1), UV luminosities (Section 4.2), and UV
continuum slopes to study stellar dust attenuation
(Section 4.3),

4. Deep Spitzer imaging at 3.6 and 4.5 um to measure
Ha emission for 66 galaxies between 4 < z < 5
(Section 4.4),

5. High-resolution HST/ACS imaging in F814W for all
galaxies and WFC3/IR imaging for a smaller fraction
(less than 30% with deep F160W data) to study their
resolved structure in connection with FIR [C II] emission
(Section 3).

The ALPINE sample is built upon several different selection
methods (Section 2.1, Figure 3) and, hence, contains a
multitude of different spectroscopic properties. Because of
the requirement for spectroscopic confirmation, the sample is
slightly biased toward brighter UV magnitudes (Section 4.2,
Figure 18) and blue UV continuum slopes (AG~0.2)
compared to the average 4 <z < 6 galaxy population
(Section 4.3, Figure 20). Nonetheless, stellar masses and SFRs,
derived from the wealth of ancillary data, show that the
ALPINE sample is broadly representative of the 4 < 7 < 6
galaxy population.

The FIR [C II] redshifts observed by ALMA allow us to set the
systemic redshift of the galaxies in order to study velocity offsets
of Lya emission and several rest-frame UV absorption lines
(Section 2.4). From one galaxy at z =4.57 with optical
[O [I] measurements acquired from Keck/MOSFIRE, we show
that the [O III] and FIR [C II] redshifts are in excellent agreement;
hence, the latter likely is a good tracer of the systemic redshift
derived by optical emission lines at lower redshifts (Section 2.4.3,
Figure 11). In general concordance with studies at z = 23 (using
Ha to define the systemic redshift), we find that on average that
Lya is redshifted (~180kms™") with respect to the [C II] line,
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while the absorption lines are blueshifted (~—230 km s™!). In
Cassata et al. (2020), we perform a more detailed comparison to
samples at lower redshifts and study the implication on the
Ly« escape fraction in correlation with Ly« equivalent widths.
Stacking the spectra in bins of sSFR, we find larger velocity offsets
of absorption lines with respect to systemic for galaxies with high
sSFRs, which is indicative of stronger winds and outflows in these
galaxies (Section 2.4.2, Figure 10). This finding is in agreement
with the recent work by Ginolfi et al. (2020), who show a
broadening in the FIR [C II] profiles in ALPINE galaxies with
high star formation.

Statistically, the SFRs derived from Ha emission via the
Kennicutt (1998) relation for galaxies between 4 < z < 5
agree well with the values derived from SED fitting, assuming
a differential dust reddening factor of f = 0.44 (Section 4.4,
upper panel of Figure 22). However, we observe a considerable
scatter for fainter galaxies (log(M /M) < 9.5) due to the lower
S/N of the Spitzer observations. Thanks to the large sample
size of ALPINE, we are able, for the first time, to compare the
Ha luminosity to the [CII] luminosity (lower panel of
Figure 22). Overall, we find Ho luminosities as expected from
the local relation between Lc 1;; and SFR from De Looze et al.
(2014) (using their fit to the entire sample). However, we find
that at low [C II] luminosities (<5 x 103 L), the Ha lumin-
osities are generally lower than what is predicted by that
relation. Instead, the De looze et al. relation derived from a
sample of metal-poor dwarf galaxies is a better fit for those
galaxies. This might suggest a more complex relation between
SFR and [CII] luminosity driven by metallicity or other
properties of the ISM.

ALPINE is the beginning of a thorough exploration of
galaxies at z > 4. It builds the foundation onto which future
follow-up observations can build on. In fact, several follow-up
programs are being granted, some of which are already on
going. These include (i) additional HST WFC3/IR observa-
tions of interacting ALPINE galaxies (PI: Faisst), (ii) follow-up
observations of [NIIJat 205 pum with ALMA for nine
ALPINE galaxies (PI: Faisst), (iii) high spatial resolution
(~0"15) observations of the brightest ALPINE galaxies (PI:
Ibar), and (iv) the follow up of four serendipitous objects at
z > 4 with NOEMA (PI: Loiacono & Béthermin). In addition,
several JWST proposals are in preparation.

All ancillary data products (including catalogs, images, and
spectra) will be made public accessible. In Appendix A, we
detail the layout of the catalogs including the measurements
detailed in this paper. In Appendix B, we show HST cutouts in
ACS F814W and WFC3/IR F160W bands as well as the rest-
frame UV spectra of all individual ALPINE galaxies.

This paper completes a series of three papers presenting the
ALPINE survey (Le Fevre et al. 2019) and the data processing
(Bethermin et al. 2020).

We would like to thank numerous people for the exchange of
data without which the ALPINE ancillary data paper would not
exist. In particular, we would like to thank E. Vanzella for
helping us gathering the spectra in the ECDEFS field and O. Ilbert
for useful discussions that improved the SED-fitting results. We
also thank the anonymous referee for the suggestions that
improved this paper. This paper is based on data obtained with
the ALMA Observatory, under Large Program 2017.1.00428.L.
ALMA is a partnership of ESO (representing its member states),
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NSF (USA) and NINS (Japan), together with NRC (Canada),
MOST and ASTAA (Taiwan), and KASI (Republic of Korea), in
cooperation with the Republic of Chile. The Joint ALMA
Observatory is operated by ESO, AUI/NRAO and NAOJ. This
program receives funding from the CNRS national program
Cosmology and Galaxies. This work is based on observations
and archival data made with the Spitzer Space Telescope, which
is operated by the Jet Propulsion Laboratory, California Institute
of Technology, under a contract with NASA along with archival
data from the NASA/ESA Hubble Space Telescope. This
research made also use of the NASA/IPAC Infrared Science
Archive (IRSA), which is operated by the Jet Propulsion
Laboratory, California Institute of Technology, under contract
with the National Aeronautics and Space Administration. In
parts based on data products from observations made with ESO
Telescopes at the La Silla Paranal Observatory under ESO
programme ID 179.A-2005 and on data products produced by
TERAPIX and the Cambridge Astronomy Survey Unit on behalf
of the UltraVISTA consortium. Based on data obtained with the
European Southern Observatory Very Large Telescope, Paranal,
Chile, under Large Program 185.A-0791, and made available by
the VUDS team at the CESAM data center, Laboratoire
d’ Astrophysique de Marseille, France. This work is based on
observations taken by the 3D-HST Treasury Program (GO
12177 and 12328) with the NASA/ESA HST, which is operated
by the Association of Universities for Research in Astronomy,
Inc., under NASA contract NAS5-26555. Furthermore, this
work is based on data from the W. M. Keck Observatory and the
Canada-France—Hawaii Telescope, as well as collected at the
Subaru Telescope and retrieved from the HSC data archive
system, which is operated by the Subaru Telescope and
Astronomy Data Center at the National Astronomical Observa-
tory of Japan. The authors wish to recognize and acknowledge
the very significant cultural role and reverence that the summit of
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Appendix A
Description of Published Data Products

The data presented in this paper are summarized in three
different catalogs.

1. The main catalog, which contains properties consistently
measured for all of the galaxies. These include general
information (such as coordinates, redshifts, selection,
morphological class), measurements performed on the
spectra (such as Ly« redshift and properties as well as
absorption line redshifts), measurements from SED fitting
(including UV continuum slopes), and Ha line properties
and SFRs.

2. The ECDFS photometry catalog, which contains all of
the Galactic extinction-corrected total photometry (mag-
nitude, fluxes, and uncertainties) of the galaxies in the
ECDEFS field. This catalog is based on the 3D-HST
catalog.
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Table Al
Column Description of Main Catalog
Column Unit Description
General information and selection

ALPINE_ID Unique name for each galaxy in string format
RA degrees R.A. in J2000 in degrees from either the COSMOS or 3D-HST catalog
delta_RA milli-arcsec Constant shift (to be added to RA) in R.A. due to astrometric offset (see Section 3.3)
DEC degrees decl. in J2000 in degrees from either the COSMOS or 3D-HST catalog
delta_DEC milli-arcsec Constant shift (to be added to DEC) in decl. due to astrometric offset (see Section 3.3)
field Field name (1 = ECDFS or 2 = COSMOS)
selection Original selection. For galaxies in the ECDFS field, this can be vit or grapes. For galaxies in COSMOS, possible

selections are CHANDRA, LBG, NBI*, NB2%, excess, photz, or vuds. See Section 2.1 and Table 1 for details.
z_orig Original redshift used for initial selection (this redshift is derived from Ly« or absorption lines).
z_cii Redshift determined from FIR [C II] emission lines (see details in Bethermin et al. 2020). Is —99 if [C II] is not

morph_class

has_twin

z_lya
lya_ew

lya_ew_err

f_lya
flag_specpro

z_iswind
z_iswind_low
z_iswind_up
n_lines_iswind_used

z_wind

z_wind_low
z_wind_up
n_lines_wind_used

ID_photcat

chi2

Nband

ebmv

logAge
logAge_lowefflsig
logAge_highefflsig
logMstar
logMstar_lowefflsig
logMstar_highefflsig
1ogSFR
10gSFR_lowefflsig
logSFR_highefflsig
logsSFR
logsSFR_lowefflsig
logsSFR_highefflsig
M_FUV

M_FUV_lowlsig
M_FUV_highlsig

beta_med_calz
beta_lowlsig_calz
beta_highlsig_calz
beta_med_smc

>

o

ergs cm

detected at S/N > 3.5.

Morpho-kinematic classes from Le Fevre et al. (2019). Only for galaxies with >3.5¢ [C 1I] detection(else class set
to —99). The classes are: (1) rotator; (2) pair-merger (major or minor); (3) extended dispersion-dominated; (4)
compact dispersion-dominated; (5) too weak for assigning a class.

Measurements on spectra (Section 2)

A flag set to 1 of for a galaxy has been observed by Keck/DEIMOS and VUDS (two spectra available). If false, the
flag is set to 0.

Redshift determined from peak of Lya emission (see details in Cassata et al. 2020). Is —99 if no redshift measured.

Observer-frame Lya emission equivalent (see details in Cassata et al. 2020). Is —99 if no equivalent width is
measured.

1o uncertainty on observer-frame Ly« emission equivalent (see details in Cassata et al. 2020). Is —99 if no
equivalent width is measured and —1 if no continuum measured (i.e., EW is upper limit).

Lya emission flux (see details in Cassata et al. 2020). Is —99 if flux is measured.

Visual flag for reliability of absorption redshift measurements. Set to —99 if not attempted, then 1, 2, and 3 for least,
medium, and most robust.

Redshift determined from IS+wind absorption lines (see Section 2.4). Set to —99 if no redshift measured.

Lower 95% percentile of redshift determined from IS+wind absorption lines. Set to —99 if no redshift measured.

Upper 95% percentile of redshift determined from IS+wind absorption lines. Set to —99 if no redshift measured.

Number of lines used for IS+wind redshift measurement. We advise to generally only use galaxies with a value >2
together with flag_specpro >0 for a conservative sample selection.

Redshift determined from wind absorption lines (see Section 2.4). Set to —99 if no redshift measured.

Lower 95% percentile of redshift determined from wind absorption lines. Set to —99 if no redshift measured.

Upper 95% percentile of redshift determined from wind absorption lines. Set to —99 if no redshift measured.

Number of lines used for wind redshift measurement. We advice to generally only use galaxies with a value >0
together with flag_specpro >0 for a conservative sample selection.

Properties from SED fitting with LePhare (Sections 4.1 and 4.2)

ID in the photometric catalogs. This is the 3D-HST catalog for galaxies in ECDFS and the COSMOS2015 catalog
for galaxies in COSMOS.

x* value given by the LePhare fit.

Number of bands used for SED fitting.

E(B — V) derived from SED fitting.

Logarithmic age

Lower 1o limit on age in log

Upper 1o limit on age in log

Logarithmic stellar mass

Lower lo limit on stellar mass in log

Upper 1o limit on stellar mass in log

Logarithmic SFR

Lower 1o limit on SFR in log

Upper 1o limit on SFR in log

Logarithmic sSFR

Lower lo limit on sSFR in log

Upper 1o limit on sSFR in log

Absolute rest-frame UV magnitude measured in the GALEX FUYV filter (corresponding approximately to rest-
frame 1500 A)

Lower 1o limit on absolute rest-frame UV magnitude

Upper 1o limit on absolute rest-frame UV magnitude

UV continuum slopes (5) with different dust reddening (Section 4.3)

UV slope measured assuming Calzetti dust
Lower 1o UV slope limit (Calzetti dust)
Upper 1o UV slope limit (Calzetti dust)
UV slope measured assuming SMC dust
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Table A1
(Continued)
Column Unit Description
beta_lowlsig_smc Lower 1o UV slope limit (SMC dust)
beta_highlsig_smc Upper 1o UV slope limit (SMC dust)
beta_med_comb UV slope measured by marginalizing over Calzetti and SMC dust
beta_lowlsig_comb Lower 1o UV slope limit (Calzetti+SMC dust)
beta_highlsig_comb Upper 1o UV slope limit (Calzetti+SMC dust)
Ha measurements from Spitzer colors (using Model A, see Section 4.4)

spitzer_cont Spitzer photometry contamination flag. Set to 0, 1, and 2 for no, slight, and heavy contamination, respectively.
ewha_med A Rest-frame Ha equivalent width assuming Calzetti et al. (2000) dust attenuation and f = 0.44
ewha_low A Lower 1o limit of rest-frame Ha equivalent width
ewha_up A Upper 1o limit of rest-frame Ha equivalent width
log_halum_med ergs Logarithmic Ha luminosity assuming Calzetti et al. (2000) dust attenuation and f = 0.44
log_halum_low ergs ! Lower lolimit of Ha luminosity in log
log_halum_up ergs™! Upper 1o limit of Ha luminosity in log
log_sfrha_med Mg yr! Logarithmic SFR based on Ho luminosity. Derived assuming (Kennicutt 1998) (solar metallicity), Calzetti et al.

(2000) dust attenuation, and f = 0.44
log_sfrha_low M, yr71 Lower lo limit of Ha based SFR in log
log_sfrha_up Mg yr~! Upper 1o limit of Ho based SFR log

Notes. Sections of this paper where the measurements are discussed are indicated.
# Note that NBI and NB2 stand for the narrowband selection of galaxies at z ~ 4.5 and z ~ 5.7, respectively.

Table A2
Excerpt of the Column Description of the Photometry Catalog for Galaxies in
the ECDFS Field (Section 3.1)

Table A3
Excerpt of the Column Description of the Photometry Catalog for Galaxies in
the COSMOS Field (Section 3.2)

Column Unit Description Column Unit Description

ALPINE_ID Unique name for each galaxy in ALPINE_ID Unique name for each galaxy in
string format string format

id_3dhst Unique identification number in id_cosmosl5 Unique identification number in
the 3D-HST catalog the COSMOS2015 catalog

ra_3dhst degrees R.A. as given in 3D-HST catalog ra_cosmosl5 degrees R.A. as given in the COS-

dec_3dhst degrees decl. as given in 3D-HST catalog MOS2015 catalog

Galactic extinction-corrected total fluxes with 1o uncertainty dec_cosmosl5 degrees decl. as given in the COS-

f_f160w wJy HST/WFC3 F160 flux and
uncertainty
e_fle0w wJy
Galactic extinction-corrected total magnitudes with 1o uncertainty
Note: given are lo limits (and magnitude uncertainties are set to —1) if fluxes
are smaller than 1o flux uncertainties.
mag HST/WEC3 F160 magnitude

and error

mag_f160w

magerr_f160w mag

Note. Wavelengths, depths, and references are given in Table 2.

3. The COSMOS photometry catalog, which contains all
of the Galactic extinction-corrected total photometry
(magnitude, fluxes, and uncertainties) of the galaxies in
the COSMOS field. This catalog is based on the
COSMOS2015 catalog.

The following Tables Al, A2, and A3 summarize the
columns of each of these three catalogs. The catalogs can be
downloaded in FITS format at http://alpine.ipac.caltech.edu.

Note that the Tables A2 and A3 only show an excerpt of the
description of the ECDFS and COSMOS photometry catalog.
The full versions can be found at the link above.
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MOS2015 catalog
Galactic extinction-corrected total fluxes with 1o uncertainty
Ks_FLUX_APER3 wJy CFHT/WIRCam K-band flux and
uncertainty
Ks_FLUXERR_APER3 wJy
Galactic extinction-corrected total magnitudes with 1o uncertainty
Note: given are 1o limits (and magnitude uncertainties are set to —1) if fluxes
are smaller than 1o flux uncertainties.
mag CFHT/WIRCam K -band magni-
tude and uncertainty

Ks_MAG

Ks_MAGERR mag

Note. Wavelengths, depths, and references are given in Table 3.

Appendix B
Additional Figures

In the following, we show the imaging and spectroscopic
data for the individual ALPINE galaxies.

Figures B1-B3 show 2" x 2” cutouts of the HST F814W
band of each of the galaxies, sorted by increasing redshift. The
redshift, stellar mass, and SFR is indicated. The dashed
contours show —3o levels and the solid contours show 30, 50,
100, 150, and 300 levels. The cutouts are oriented such that
north is up and east is to the left. Similarly, Figure B4 and B5
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Figure B1. F814W cutouts sorted by redshift (part 1). The dashed contours show —3¢ levels and the solid contours show 30, 50, 100, 150, and 300 levels. All cutouts
are 2" on each side.
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Figure B3. F814W cutouts sorted by redshift (part 3).

show all of the available HST F160W data for the ALPINE
galaxies as of 2019 October. The cutout size and the drawn o-
levels are the same as in the previous figures. Note that the HST
program DASH covers most of the galaxies, however, only a
fraction is detected due to the low depth of these observations.

Figures B6-B10 show the rest-frame UV spectra for each
ALPINE galaxy sorted by increasing redshift. The spectra are

30

smoothed with a Savitzky—Golay filter of size 2 A. Prominent
emission lines as well as individual absorption lines and
absorption line complexes are indicated by the dark red bars
(compare to Section 2.4.2). For some of the galaxies in
COSMOS, a spectrum obtained by VUDS and Keck/DEIMOS

is available. The names of these galaxies have an appended *“_v
or “_d,” respectively. Note their different spectral resolution.
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Figure B5. F160W cutouts sorted by redshift (part 2).
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Figure B6. Rest-frame UV spectra of all galaxies sorted by redshift (part 1).
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Figure B7. Rest-frame UV spectra of all galaxies sorted by redshift (part 2).
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Figure B9. Rest-frame UV
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spectra of all galaxies sorted by redshift (part 4).
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Figure B10. Rest-frame UV spectra of all galaxies sorted by redshift (part 5).
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