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Abstract

        We present the kinematic analysis of a sub-sample of 82 galaxies at 0.75 < z < 1.2 from our new survey HR-COSMOS aimed to obtain the first statistical sample to study the kinematics of star-forming galaxies in the treasury COSMOS field at 0 < z < 1.2. We observed 766 emission line galaxies using the multi-slit spectrograph ESO-VLT/VIMOS in high-resolution mode (R = 2500). To better extract galaxy kinematics, VIMOS spectral slits have been carefully tilted along the major axis orientation of the galaxies, making use of the position angle measurements from the high spatial resolution HST/ACS COSMOS images. We constrained the kinematics of the sub-sample at 0.75 < z < 1.2 by creating high-resolution semi-analytical models. We established the stellar-mass Tully-Fisher relation at z ≃ 0.9 with high-quality stellar mass measurements derived using the latest COSMOS photometric catalog, which includes the latest data releases of UltraVISTA and Spitzer. In doubling the sample at these redshifts compared with the literature, we estimated the relation without setting its slope, and found it consistent with previous studies in other deep extragalactic fields assuming no significant evolution of the relation with redshift at z ≲ 1. We computed dynamical masses within the radius R2.2 and found a median stellar-to-dynamical mass fraction equal to 0.2 (assuming Chabrier IMF), which implies a contribution of gas and dark matter masses of 80% of the total mass within R2.2, in agreement with recent integral field spectroscopy surveys. We find no dependence of the stellar-mass Tully-Fisher relation with environment probing up to group scale masses. This study shows that multi-slit galaxy surveys remain a powerful tool to derive kinematics for large numbers of galaxies at both high and low redshift. 
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⋆ Based on observations made with ESO Telescopes at the La Silla Paranal Observatory under programme ID 083.A-0935.



1. Introduction
In the local Universe, we distinguish a clear bimodality distribution of galaxies in two types with red and blue rest-frame colors, commonly referred to as the red sequence and blue cloud, with a lack of galaxies at intermediate colors (Blanton et al. 2003; Baldry et al. 2004). These color classes are strongly correlated with morphology, so that the blue cloud region is mostly populated by rotating star-forming galaxies (usually spiral) and on the red sequence we find generally quiescent ellipticals, though there is a rare population of red spirals which overlaps the red sequence and may arise from truncated star formation (Masters et al. 2010; Cortese 2012). Star-forming galaxies at high redshift (z> 0.1) exhibit a larger diversity of kinematics than in the local Universe (z ≪ 0.1), and higher fractions of such galaxies are not dominated by rotation or have complex kinematic signatures owing to merging processes (Conselice et al. 2003; Hammer et al. 2009; Kassin et al. 2012; Puech et al. 2012). 
Kinematics enables us to trace galaxy properties from high to low redshift and to constrain the galaxy formation scenario using, for example, the well established scaling relation for rotating galaxies observed for the first time by Tully & Fisher (1977) between the optical luminosity and HI line width. The Tully-Fisher (TF) relation is a key to understand the structure and evolution of disc galaxies, since it probes the dark matter halos with their luminous baryonic components, and thus constrains the galaxy formation and evolution models (e.g., Dalcanton et al. 1997; Sommer-Larsen et al. 2003). Later works have shown that the TF relation becomes tighter when defined using microwave to infrared luminosity (Verheijen 1997), and even tighter when luminosity is replaced by the galaxy’s stellar mass (Pizagno et al. 2005) or total baryonic mass (McGaugh 2005). 
The stellar mass Tully-Fisher (smTF) relation has been studied in the local Universe (Bell & de Jong 2001; Pizagno et al. 2005; Courteau et al. 2007; Reyes et al. 2011) and it appears to be remarkably tight. However, the relation is not yet well defined at higher redshift. Past studies have investigated possible evolution of the smTF relation with conflicting results. Conselice et al. (2005) was the first to look at the smTF relationship at intermediate redshift using the longslit spectroscopy technique with a sample of 101 disc galaxies with near-IR photometry, finding no evidence for an evolution of the relation from z = 0 to z = 1.2. Puech et al. (2008, 2010) constrained the smTF relation at z ~ 0.6 for a small sample of 16 rotating disc galaxies (out of 64 analyzed), part of the IMAGES survey, and they found an evolution of the relation towards lower stellar masses. A slit-based survey with DEIMOS multi-object spectrograph on Keck (Faber et al. 2003) was presented by Miller et al. (2011) who have sampled a larger number of galaxies (N = 129) at 0.2 < z < 1.3, showing no statistically significant evolution of the smTF relation, though an evident evolution of the B-band TF with a decrease in luminosity of ΔMB = 0.85 ± 0.28mag from ⟨ z ⟩  ≃ 1.0 to 0.3. 
Furthermore, it is unclear whether an evolution with redshift of the intrinsic scatter around the TF relation exists. Kannappan et al. (2002) have shown how the scatter around the TF relation in the local Universe increases by broadening their spiral sample, for which the relation is computed, to include all morphologies. Since galaxies at higher redshift show more irregular morphology (Glazebrook et al. 1995; Förster Schreiber et al. 2009), we expect to observe an increase in the scatter with redshift. Puech et al. (2008, 2010) argue that the increase in intrinsic scatter around the TF relation was due to the galaxies with complex kinematics. Kassin et al. (2007), as well, looking at the smTF relationship of 544 galaxies (0.1 < z < 1.2) from the DEEP2 redshift survey (Newman et al. 2013a), have found a large scatter (~1.5 dex in velocity) dominated by the more disturbed morphological classes and the lower stellar masses. Conversely Miller et al. (2011) reported a very small intrinsic scatter around the smTF relation throughout their whole sample at 0.2 < z < 1.3. 
The large scatter around the TF relation for broadly selected samples, may also depend on properties external to the galaxies. Environment, for example, is known to have a strong impact on galaxy parameters (Baldry et al. 2006; Bamford et al. 2009; Capak et al. 2007; Sobral et al. 2011; Scoville et al. 2013) and we could expect to see environmental effects also on the TF relation. An alteration in the TF relation in a dense environment, for example, could be due to a temporary increase of the star formation activity or to kinematic asymmetry owing to dynamical interaction of galaxies. Nevertheless, studies on the effects of the environment on the TF relation are still few. Mocz et al. (2012) constrained the TF relation in the u, g, r, i, and z bands and smTF for a local Universe sample of 25 698 late spiral galaxies from the Sloan Digital Sky Survey (SDSS) and investigated any dependence of the relation from the environment defined using the local number density of galaxies as a proxy to their host region. They found no strong or statistically significant changes in the TF relation slope or intercept. At intermediate redshifts, some works constrained the TF relation for cluster and field galaxies, but the results are highly discordant. Ziegler et al. (2003) compared the B-band TF relation for a small sample of 13 galaxies from three clusters at z = 0.3, z = 0.42 and z = 0.51 and 77 field galaxies at 0 < z < 1 observed with the same set up of the clusters, and they have found no significant differences. The same result of no environmental effect was presented by Nakamura et al. (2006) for a still small sample of 13 cluster galaxies and 20 field galaxies between z = 0.23 and z = 0.58. Conversely, Bamford et al. (2005) with a larger sample of 80 galaxies at 0 < z < 1 (22 in clusters and 58 in the field) have found a systematic offset of ΔMB = 0.7 ± 0.2mag in the B-band TF relation for the cluster galaxies with respect to the field sample. Moran et al. (2007), as well, computed the scatter around the Ks-band (proxy of the stellar mass) and V-band TF relations at 0.3 ≲ z ≲ 0.65 for 40 cluster galaxies and 37 field galaxies, showing that cluster galaxies are more scattered than the field ones. More recent work of Jaffé et al. (2011) included in their sample group galaxies, for a total of ~150 galaxies at 0.3 < z < 0.9, and found no correlation between the scatter around the B-band TF and the environment. Whilst Bösch et al. (2013), for a sample of 55 cluster galaxies at z ~ 0.17 and 57 field galaxies at ⟨ z ⟩  = 0.25, found a slight shift in the intercept of the B-band TF relation to brighter values for field galaxies and no evolution on intercept of the smTF relation. 
We emphasize that defining the environment as two extreme regions in the density distribution of galaxies, i.e., galaxy cluster and general field, is an overly coarse binning of the full dynamical range of the density field at these redshifts. There are, indeed, intermediate environments, like galaxy groups, outskirts of clusters, and filaments which are also important (Fadda et al. 2008; Porter et al. 2008; Tran et al. 2009; Coppin et al. 2012; Darvish et al. 2014, 2015). A larger and more homogeneous study to investigate the environmental effect on the kinematics is still needed. 
The recent advent of Integral Field Spectroscopy has provided the opportunity to map the kinematics of intermediate/high redshift galaxies. Various surveys have been obtained so far, by making use of the new generation of Integral Field Unit (IFU), such as the SINS (Förster Schreiber et al. 2009) and MASSIV (Contini et al. 2012) surveys with the near-infrared spectrograph SINFONI (Eisenhauer et al. 2003), KMOS3D (Wisnioski et al. 2015) and KROSS (Stott et al. 2016) surveys with the Multi-Object Spectrograph KMOS (Sharples et al. 2013). Kinematic analysis has been also presented with the first set of observations taken with the Multi Unit Spectroscopic Explorer (MUSE) on VLT (Bacon et al. 2015; Contini et al. 2016) which was able to resolve galaxies in the lower stellar mass range down to 108M⊙. One of the principal limiting factors of the IFU surveys to date has been the necessity to observe one object at a time, because of the IFU small field of view (FOV). This limitation has been improved a lot with the new multi-IFU spectrograph KMOS that operates using 24 IFUs, each one with 2.8″ × 2.8″ FOV, and the 1′ × 1′ wide field mode provided by MUSE. However the FOV of those spectrographs remains much smaller than the one that multi-slit spectrographs can provide, such as VLT-VIMOS, which is made of four identical arms, each one with a FOV of 7′ × 8′, enabling us to observe ~120 galaxies per exposure. 
Our new survey HR-COSMOS aims to obtain the first statistical sample to study the kinematics of star-forming galaxies in the COSMOS field (Scoville et al. 2007) at 0 < z < 1.2. We seek to obtain a sample that is as representative as possible. Thus we apply no morphological pre-selection other than a cut on the axial ratio b/a < 0.84 and the position angle | PA |  ≤ 60° for an optimal extraction of the kinematic parameters. We make use of the VIsible Multi-Object Spectrograph at ESO-VLT (VIMOS) in high-resolution (HR) mode, which provides the advantageous facility to perfectly align the spectral slits on our masks along the galaxy major axis measured from the high spatial resolution HST/ACS images. In this paper, we present the kinematic analysis of a sub-sample at 0.75 < z < 1.2. We constrain the smTF relation at z ~ 0.9, using rotation velocities extracted with high-resolution semi-analytical models and stellar masses measured employing the latest COSMOS photometric catalog, which includes UltraVISTA and Spitzer latest data releases. We investigate possible dependence of the smTF on the environment defined using the local surface density measurements by Scoville et al. (2013), who make use of the 2D Voronoi tessellation technique. We extend the same analysis to the whole sample to investigate any kinematic evolution with redshift in Pelliccia et al. (in prep.), whilst our data set will be described in Tresse et al. (in prep.). 
The paper is organized as follows. In Sect. 2 we present our HR-COSMOS data set, describing the selection criteria, the data reduction process, and the measurements of the stellar masses. In Sect. 3 we describe the method used to create the kinematic models and to fit them with the observed data. The results are presented in Sect. 4, showing the constrained smTF relation at z ~ 0.9, the dynamical mass measurements and the smTF relation as a function of the environment. We summarize our results in Sect. 5. 
Throughout this paper, we adopt a Chabrier (2003) initial mass function and a standard ΛCDM cosmology with H0 = 70 km s-1 Mpc-1, ΩΛ = 0.73, and ΩM = 0.27. Magnitudes are given in the AB system.
2. Data
2.1. The HR-COSMOS survey
Our data set at z ~ 0.9 is part of an observational campaign (PI: L. Tresse) aimed to measure the kinematics of ~800 emission line galaxies at redshift 0 <z< 1.2 observed with VIMOS in HR mode (Sect. 2.2). The description of the whole survey will be presented in a following paper. 
We selected our targets within the Cosmic Evolution Survey (COSMOS) field (Scoville et al. 2007), a ~2 deg2 equatorial field imaged with the Advanced Camera for Survey (ACS) of the Hubble Space Telescope (HST). This HST/ACS treasury field has been observed by most of the major space-based telescope (Spitzer, Herschel, Galex, XMM-Newton, Chandra) and by many large ground based telescopes (Subaru, VLA, ESO-VLT, ESO-VISTA, UKIRT, CFHT, Keck, and others). Thus we have access to a wide range of physical parameters of the COSMOS galaxies. Emission-line targets have been selected using the spectroscopic information from the zCOSMOS10k-bright sample (Lilly et al. 2007) acquired with VIMOS at medium resolution (R = 580), and selected with IAB< 22.5 and z< 1.2. We chose spectra with reliable spectroscopic redshifts (flags = 2,3,4) and emission line flux fline> 10-17 erg/s/cm2 for at least one emission line amongst [OII]λ3727, Hβλ4861, [OIII]λ5007, Hαλ6563, lying away from sky lines and visible in VIMOS HR (R = 2500) grism spectral range. To fill the VIMOS masks we added a smaller sample of galaxies that have photometric redshift information (Ilbert et al. 2009). For this sample, to increase the probability to target rotating galaxies, we made use of the GINI parameter as morphology measure (Abraham et al. 2003; Lotz et al. 2004; Capak et al. 2007) and selected galaxies with GINI parameter in a range between 0.200 and 0.475. 

          Table 1

              Table of observations. 

            

        In Fig. 1 we show the redshift distribution of the whole sample, of which 83% was selected with known spectroscopic redshift. To keep our kinematic sample as representative as possible, we have applied a little pre-selection of the targets: [image: equation]The first two criteria, the redshift and IAB magnitude, are in common with the zCOSMOS parent sample (Lilly et al. 2007). The condition on the line flux is to ensure the detection of the line visible in VIMOS HR grism spectral range, and the last two selection criteria are chosen for an optimal extraction of the kinematics along the slit. To derive high-quality kinematics, VIMOS spectral slits have been carefully tilted along the major axis orientation of the galaxies. We retained star-forming galaxies with position angle, defined as the angle (East of North) between the North direction in the sky and the galaxy major axis, | PA |  ≤ 60° since this is the limit to tilt the individual slits of VIMOS from the N-S spatial axis. The condition on axial ratio b/a (ratio between galaxy minor b and major a axis) reflects a condition on the inclination, defined as the angle between the line of sight and the normal to the plane of the galaxy (i = 0 for face-on galaxies), and it was applied to analyze the kinematic of galaxies with inclination greater than 30°, since for smaller inclinations the rotation velocity is highly uncertain (small changes in the inclination will result in large changes in the rotation velocity). Both parameters, PA and b/a, have been measured from the high spatial resolution HST/ACS F814W COSMOS images by Sargent et al. (2007) using the GIM2D (Galaxy IMage 2D) IRAF software package, which was designed for the quantitative structural analysis of distant galaxies (Simard et al. 2002). These measurements are included in the Zurich Structure and Morphology Catalog1. 
In this paper we analyse our data in our highest redshift bin (0.75 <z< 1.2), where the doublet [OII]λλ3726, 3729 is expected. 

          	[image: thumbnail]	Fig. 1
              Redshift distribution of the 766 star-forming galaxies part of our HR-COSMOS survey. The gray filled histogram shows the overall sample and the hashed blue and red histograms represent the sub-samples selected with known spectroscopic redshifts and photometric redshifts, respectively. 

            



        2.2. Observations
The observations for our kinematic survey were collected over a series of runs between April 2009 and April 2010 with the VIsible Multi-Object Spectrograph (VIMOS, Le Fèvre et al. 2003) mounted on third Unit (Melipal) of the ESO Very Large Telescope (VLT) at the Paranal Observatory in Chile. The targeted area within boundaries of zCOSMOS survey was covered by seven VIMOS pointings, each of them composed of four quadrants, with ~30–35 slits per quadrant. Three exposures were taken for each pointing, for a total exposure time of ~1.5 h per galaxy. Observations details are listed in Table 1. 
The 2D spectra have been obtained using the high-resolution grism HR-red (R = 2500) with the 1″ width slits tilted to follow each galaxy major axis. The manual slit placement was performed using the ESO software VMMPS (VIMOS Mask Preparation Software; Bottini et al. 2005), which enabled us to visually check the correctness of the adopted PA, and in some cases to decide to adjust the slit tilt to get better kinematic extraction. The wavelength coverage of each observed spectrum is 2400 Å wide, but its range changes according to the position of the slit on the mask. This allowed us to observe emission lines in a wide wavelength range from 5700 Å to 9300 Å. When slits were tilted, the slit width was automatically adjusted to keep constant the width along the dispersion direction, and thus a spectral resolution constant regardless of slit PA. The instrument provides an image scale of 0.205″ /pixel and a spectral scale of 0.6 Å /pixel. For the sample analyzed in this paper, at z ~ 0.9 the spectral pixel scale is equal, on average, to 25 km s-1. Star spectra have also been obtained, three or four per quadrant, to measure the seeing during each exposure. In total, 766 spectra of emission line galaxies (and ~90 spectra of stars) have been obtained. In the redshift range (0.75 <z< 1.2) analyzed in this paper we have 119 galaxies, of which 17% are part of the targets selected with known photometric redshift and within the specific range of the GINI parameter (see Sect. 2.1). Although we did not target active galactic nucleus (AGN) galaxies, we found two galaxies of our sample as being classified as non-broad-line (NL) AGNs in the catalog of optical and infrared identifications for X-ray sources detected in the XMM-COSMOS survey by Brusa et al. (2010). 

          
          	[image: thumbnail]	Fig. 2
              Top panels: stellar mass (left) and IAB selection magnitude (right) distributions of the 119 galaxies in our sample at 0.75 <z< 1.2 (green histograms). We show for comparison the distributions of the parent samples in the same redshift range (COSMOS in gray and zCOSMOS-bright in blue) and in black the distribution of 82 galaxies in our kinematic sub-sample (see Sect. 4.1). The photometric redshift range for the COSMOS sample takes into account the precision of the measurements (see text Sect. 2.4). The arrows in the left panel show the median of each distribution. The histograms are re-normalized for a better visual comparison of their spreads and peaks, therefore their normalization does not reflect the actual scale. Bottom left panel: rest-frame MNUV−Mr versus Mr−MJ color–color diagram. Colors are the same as in the top panels. The contours show the distribution of the COSMOS parent sample with relative number of galaxies equal to 50%, 25%, 13%, 6%, 3%, 1.5% of the maximum of the distribution. The back solid line divides quiescent galaxies (above the line) from star-forming galaxies (below the line) and is determined following the technique adopted by Ilbert et al. (2013). Bottom right panel: relationship between SED-derived star formation rate (SFR) and stellar mass. Green diamonds and black points represent the galaxies at 0.75 <z< 1.2 in our full sample and in our kinematic sub-sample, respectively. The dark-orange contours and the plum open squares show the distribution for the star-forming galaxies (as defined by Laigle et al. 2016) in COSMOS and zCOSMOS-bright samples, respectively. The contours represent the relative number of galaxies at the 50%, 25%, 13%, 6%, 3%, 1.5% of the maximum of the distribution. The solid and dotted lines represent the correlation, with the uncertainties, between the SFR and stellar mass of blue star-forming galaxies at 0.8 <z< 1.2 by Elbaz et al. (2007). The magenta circles show the AGNs. 

            



        2.3. Data reduction
We performed spectroscopic reduction using the VIMOS Interactive Pipeline and Graphical Interface (VIPGI, Scodeggio et al. 2005). The software provides powerful data organizing capabilities, a set of data reduction recipes, and dedicated data browsing and plotting tools to check the results of all critical steps and to plot and analyze final extracted 1D and 2D spectra. The global data reduction process was rather traditional: (1) average bias frame subtraction; (2) location of the spectral traces on the raw frames and computation of the inverse dispersion solution; (3) extraction of rectified 2D spectra and application of the wavelength calibration using the computed inverse dispersion solution; (4) sky subtraction; (5) combination of the three different exposures taken for each target; (6) extraction of 1D spectra. We note that the wavelength calibration task for VIMOS spectra observed in HR mode is somewhat tedious, since the wavelength coverage changes from slit to slit according to where the slit is located on the mask. We have also used the VIMOS ESO pipeline (version 2.9.9), but it does not allow us to combine exposures from different observing nights, therefore we did not proceed further with this tool. Although standard stars have been observed during each observing night, we were not able to perform the spectrum absolute flux calibration. Standard stars spectra were obtained positioning the stars, for each quadrant, at the center of the mask, which did not allow us to produce the calibration for the wide wavelength range of our observations that were obtained thanks to the different positions of the slits on the mask (Sect. 2.2). 
The presence of three or four reference star spectra in each quadrant of each pointing allowed the determination of the seeing conditions during spectroscopy acquisitions. This measurement is clearly superior to estimates inferred from the Differential Image Motion Monitor (DIMM; Bösch et al. 2013), since it not only measures this quantity integrated over the entire exposure time of the spectra, but also accounts for systematic effects resulting from observing and co-adding processes. After the reduction (including the combining process of the three different exposures for each target) we collapsed each star spectrum along the spectral direction, and determined the full width at half maximum (FWHM), by fitting a Gaussian function to its spatial profile. We therefore computed seeing conditions in each quadrant as the mean of the FWHMs measured, and we used the determined values in our dynamical analysis. The measured values of the seeing range between 0.57″ and 1.24″, with a median value of 0.8″ during all the observations. The nominal spectral resolution (3Å, for the grism central wavelength λc = 7400 Å) was checked along the observed spectral range. To that end, we measured the FWHM of four skylines (7275.7Å, 7750.6Å, 7841.0Å, 7913.2Å) in each slit by fitting a Gaussian function to every single skyline spectral profile. The distribution of the spectral FWHMs ranges between 2.6Å to 3.2Å. Since we used the nominal spectral resolution for our models, the measured variation has been taken into account in the error computation of the modeled kinematic parameters (see Sect. 3.3). Although we were provided with the redshift measurement from zCOSMOS, our kinematic analysis requires high precision in measuring the centroid of the emission line, and given the higher resolution of our spectra compared to the ones from zCOSMOS, we re-measured the galaxy redshifts from our 1D reduced spectra. 
To facilitate the comparison of the models with the observations we chose to extract ~ 40 Å wavelength cutouts around key emission lines of interest (mostly [OII] doublet and a few Hβ in our sub-sample at z ~ 0.75−1.2) using the HR redshift measurement, and we subtracted the stellar continuum spectrum, since we did not include it in the kinematic models (a cutout with continuum information was also saved for each observation). To perform the continuum subtraction we selected two background regions at the left and right of the emission line (avoiding reduction artifacts and other spectral features), we stacked them, and we computed the median along the wavelength direction, obtaining a spatial profile of the continuum that was subtracted for the entire cutout. During this process we visually inspected all the emission lines of the 119 galaxies in our sub-sample and we decided to discard 28 for which it would have been impossible to retrieve the kinematic information, either because the emission line was too faint, or not detected, or it was shifted at the same wavelength of skylines (even if we selected galaxies with emission lines away from skylines, this could be possible for the targets selected with known photometric redshift for which the measurements uncertainties are larger than for the spectroscopic redshift). 
Although the slits were always carefully placed along the major axis of the galaxies (Sect. 2.2), we visually double-checked their correctness and we found that for one galaxy the slit was not well placed. The inclination, adopted for both the sample selection and the kinematic analysis, was also visually inspected by overlapping ellipses with the axial ratio b/a from the Zurich Structure and Morphology Catalog on the HST/ACS F814W images of all the galaxies in our sub-sample (see Sect. A). During this visual inspection, we also found that one galaxy was obviously face-on, despite the fact that we selected galaxies with inclination ≳30° (see Sect. 2.1). Thus, these two galaxies (one with the slit misplaced and one face-one) were not included in our kinematic analysis. This reduced our sample to 89 galaxies, which have been modeled following the method described in Sect. 3. 
2.4. Stellar mass measurements
The stellar masses were estimated using the latest COSMOS photometric catalog (Laigle et al. 2016), which makes use of deep Spitzer SPASH IRAC imaging (Steinhardt et al. 2014) and the latest release of COSMOS UltraVISTA survey (McCracken et al. 2012). These measurements are extremely accurate since they are based on deep thirty-band UV–IR photometry that covers all galaxy spectral types, and they were obtained using our high-resolution spectroscopic redshift measurements. The measurement technique follows the same recipes presented in Ilbert et al. (2015), based on the Le Phare software (Arnouts et al. 2002; Ilbert et al. 2006). Briefly, the galaxy stellar masses have been derived using a library of synthetic spectra generated with the stellar population synthesis (SPS) package developed by Bruzual & Charlot (2003). We assume a universal IMF from Chabrier (2003), as well as exponentially declining and delayed star formation histories. For all these templates, two metallicities (solar and half-solar) are considered. Emission lines are added following Ilbert et al. (2009), and two attenuation curves are included: the starburst curve of Calzetti et al. (2000) and a curve with a slope 0.9 (Appendix A of Arnouts et al. 2013). The stellar continuum extinction Es(B−V) is allowed to take values in the range [0–0.7]. The values of the stellar masses were assigned using the median of the stellar mass probability distribution marginalized over all other parameters. 
In Fig. 2, we show the distribution of various properties of the HR-COSMOS sample of 119 galaxies in the redshift range 0.75 <z< 1.2. These are contrasted with the parent zCOSMOS-bright and COSMOS samples. The values for both parent samples are drawn from the latest COSMOS photometric and SED-fitting catalogs (Laigle et al. 2016). For the former parent sample, we compare only those galaxies in the same spectroscopic redshift range as the HR-COSMOS sample presented here. For the latter, the redshift range is extended slightly to 0.75−3σΔz/ (1 + zs)<z< 1.2 + 3σΔz/ (1 + zs) to account for the uncertainties in the photometric redshifts, where σΔz/ (1 + zs) = 0.007. 
In the top panels, we present the stellar mass (left) and IAB selection magnitude (right) distributions for our sample of 119 galaxies at 0.75 <z< 1.2 with green histograms and the distributions of the parent samples in gray (COSMOS) and blue (zCOSMOS-bright). Galaxies in our sample have stellar masses spanning from 1.3 × 109M⊙ to 2.0 × 1011M⊙ and values of IAB spanning from 21.0 mag to 22.5 mag. The black histograms show the distributions of the galaxies used in the kinematic analysis (see Sect. 4). Since we are not interested in comparing the normalization of the distributions, we re-normalized the histograms to better visually compare their spreads and peaks, therefore their normalization does not reflect the actual scale. We measure that the median of the parent samples distributions is equal to 3.0 × 1010M⊙, while the median for the distribution of our samples shifts to lower values (1.7 × 1010M⊙ for the whole sample of 119 galaxies and 1.3 × 1010M⊙ for the kinematic sub-sample). This may be a result of the fact that our sample is composed primarily of star-forming galaxies and, therefore, the high mass end of the parent samples distributions (probably populated by massive quiescent galaxies) is suppressed in our sample. 
In the bottom panels of Fig. 2 we plot the rest-frame MNUV−Mr versus Mr−MJ color–color diagram (left) and the relation between star formation rate (SFR) and stellar mass (right) for our sample compared to the parent samples. The color–color diagram is a diagnostic plot that enables us to separate star-forming from quiescent galaxies. We divide quiescent galaxies from star-forming galaxies following the technique adopted by Ilbert et al. (2013). In the bottom left panel, we show how our sample follows the underling distribution of star-forming galaxies closely. This is supported by the SFR-M∗ relation displayed in the bottom right panel for the star-forming galaxies (as defined by Laigle et al. 2016) in COSMOS and zCOSMOS-bright samples. The SFR computed from SED fitting is known to be not as precise as that computed using other SFR estimators (Ilbert et al. 2015; Lee et al. 2015). Following Ilbert et al. (2015) we compared the SED-based SFR to the 24 μm IR SFR for the parent COSMOS sample in the redshift range 0.75 <z< 1.2, and found an offset of 0.15 dex towards larger SED-based SFR. To take into account this discrepancy, we applied a shift of −0.15 dex to the SFR measurements. Our sample follows the star-forming galaxy distribution of the parent samples. 
3. Kinematic modeling
To study the galaxy kinematics, we created high-resolution semi-analytic models. The advantage of using a model to constrain the kinematics is that we can compare it directly to the observations, after taking into account all the degradation effects owing to the instrumental resolution, and avoid the intermediate steps of data analysis that can introduce additional noise (Fraternali & Binney 2006). 
3.1. The model
Our first step for modeling the galaxy kinematics was to describe an astrophysically-motivated picture of a galaxy at high-resolution. Ionized gas was described as rotating in a thin disc with a certain inclination i and position angle PA of the major axis. A pseudo-observation was created combining high-resolution models of intrinsic flux distribution of the emission line, rotation velocity and dispersion velocity using the following relation: [image: equation](1)This models the galaxy emission at each radius r and reconstructs a 2D emission line to be compared to the observation. If the observed emission was a doublet (as in the case of [OII], the main investigated feature in this study) another contribution was added to the relation, having the same functional form and velocity dispersion σ as the previous one, but shifted in velocity by a fixed value, that was equal to the separation between the two lines of the doublet, and scaled in intensity by a ratio R[OII], an additional parameter of the model. The intrinsic line-flux distribution in the plane of the disc was described by a truncated exponential disc function: [image: equation](2)where Σ0 is the line flux at the center of the galaxy, r0 is the scale radius and rtrunc is the maximum radius, after which the emission is no longer detected. The truncation was necessary since we allowed r0 to assume negative values to better match the observed line flux distribution, in particular when the distribution is characterized by bright clumps in the peripheries of the galaxies. 
The velocity along the line of sight, assuming that for spiral galaxies the expansion and the vertical motions are negligible with respect to the rotation, was described as [image: equation](3)where Vsys is the systemic velocity, that is the velocity (corresponding to the systemic redshift) of the entire galaxy with respect to our reference system. For very distant galaxies this quantity is usually dominated by the Hubble flow. Since we are interested only in the galaxy internal kinematics we set it to zero. The galaxy inclination i was measured as the angle between the line of sight and the normal to the plane of the galaxy (i = 0° for face-on galaxy) and θ is the angle in the plane of the galaxy between the galaxy PA and the position where the velocity is measured. Since our model reproduces the emission coming from the slit aligned to the galaxy PA, we assume θ equal zero. 
To model the rotation velocity Vrot, which results from both baryonic (stars and gas) and dark matter potentials, three different functions have been used. All of them are described by two parameters: the maximum velocity Vt and the transition radius rt. A velocity profile used is the Freeman disc (Freeman 1970), which fits a galaxy with a gravitational potential generated by an exponential disc mass distribution. It is expressed as [image: equation](4)where μ0 is the central surface density and h is the disc scale-length of the surface density distribution. We note that μ0 and h are not constrained by Σ0 and r0 of Eq. (2) since the rotation velocity model does not only describe baryons. Ii and Ki are the i-order modified Bessel function evaluated at 0.5 r/h. The maximum velocity [image: equation](5)is reached at the transition radius rt ~ 2.15h. Substituting Eq. (5) and the transition radius rt in Eq. (4), we obtain an expression of the rotation velocity Vrot described by the only two parameters Vt and rt. Unlike the Freeman disc, the two other rotation curve models are analytic functions that have no physical derivation nor assumed mass distribution, but they appear to describe well the observed rotation curves of local galaxies. The flat model consists of a two slopes model, which describes a rotation velocity distribution that has a sharp transition at rt and flats at Vt. It takes the form: [image: equation](6)Last velocity profile adopted is an arctangent function (Courteau 1997), expressed as [image: equation](7)which smoothly rises and reaches a maximum Vt asymptotically at an infinite radius. The transition radius rt is defined as the radius for which the velocity is 70% of Vt. The galaxy velocity dispersion σ has been modeled to be constant at each radius. This assumption is considered reasonable since it is based on what has been observed in the local Universe in the galaxies from the GHASP sample (Epinat et al. 2008). It has also been shown by some authors (Weiner et al. 2006b; Epinat et al. 2008) that the peak observed in the velocity dispersion profile for galaxies at high redshift is due to the blurring effect of the resolution. The high-resolution model sampling (both spectral and spatial) was chosen to be a sub-multiple of the VIMOS data sampling. We therefore created high-resolution models with spectral and spatial sampling equal to 0.15Å and 0.05125″, respectively. To make the high-resolution models comparable with the observations, we performed a spatial and spectral smoothing by convolving the models with the spatial resolution given by the seeing measured for each quadrant, and the spectral resolution of the instrument (see Sect. 2.3). The effect due to the slit width was also taken into account by convolving the models with a window function. Finally, the models were re-binned to match the VIMOS sampling (1 pixel = 0.205″ = 0.6 Å). 

          
          	[image: thumbnail]	Fig. 3
              Example of the output from the model-fitting process and the vision inspections to test the quality of the fit. Left panels: from top to bottom: continuum-subtracted 2D spectrum centered at [OII], best-fit kinematic model to the line emission, and residual image between the 2D spectrum and the best-fit model on the same intensity scale as the 2D spectrum. The vertical and horizontal axes are the spatial position and wavelength, respectively. In the first two panels, the black dot-dashed lines indicate the best-fit parameter rcen. In the top panel, the blue and red dotted lines denote the positions from where the plots in the middle panels are extracted. The 2D spectrum from the VIMOS mask has been rotated to have always the North direction in the top. For this reason the wavelength direction is opposite to the conventional representation with values increasing (getting redder) towards left. The technique of tracing the emission line as a function of the position (see text Sect. 3.2) is also shown in the top and middle pannels. Fuchsia circles show the central wavelength of the emission line at each position, and the green triangles show the centroids of the best-fit model. Middle panels: examples of the double Gaussian fit to measure the centroids of the emission line at two most external galaxy radii. Right panel: high-resolution rotation curve models (green line: exponential disc; red line: flat model; blue line: arctangent function), not corrected for the inclination, compared to the observed rotation curve (black circles). The errorbars on the y-axis direction represent the uncertainties of the fit to the line at each position to recover the centroid; the bars on the position direction indicate the bin size. The vertical dotted line indicates the galaxy rotation center, the horizontal dotted line indicates the systemic velocity, and the two vertical dashed lines indicates the position of the radius R2.2 at which the velocity is measured to derive the scaling relations (Sect. 4.1). 

            



        3.2. The fitting method
The comparison with the observation has been done through the χ2-minimization fitting using the Python routine MPFIT (Markwardt 2009), based on the Levenber-Marquardt least-squares technique. Preliminary steps were necessary to define a set of initial parameters. 
The rotation center, rcen was measured as the center of the continuum spectrum’s spatial profile, or, when the continuum emission was too faint, as the center of the emission line’s spatial distribution around its observed central wavelength. This last quantity, λline(z), was a parameter of the model that was kept fixed during the fitting process. Using our measured redshift (Sect. 2.3) we derived the systemic velocity Vsys, which quantifies the motion of the entire galaxy with respect to our reference system. However, for galaxies at high redshift Vsys is dominated by the Hubble flow, therefore it is normal practice to set it to zero, to focus only on the internal kinematics. The systemic velocity is allowed to freely vary in the fitting to take into account the effect of the redshift measurement uncertainties. The inclination i is derived from the axial ratio, computed from HST images, found in the literature (Zurich Structure and Morphology Catalog), and corrected for projection effects using Holmberg’s oblate spheroid description (Holmberg 1958): [image: equation](8)where b/a is the observed axis ratio, q0 = c/a is the axial ratio of a galaxy viewed edge-on, a and b are the disc major and minor axes, and c is the polar axis. The value of q0 is known to vary from 0.1 to 0.2 depending on galaxy type (Haynes & Giovanelli 1984). In this study we assumed q0 = 0.11, driven by the necessity to take into account the smallest value of b/a in our sample, that is 0.12, knowing form Pizagno et al. (2005) that the q0 range 0.1−0.2 corresponds to a small variation (typically ~ 1 km s-1 ) in the velocity. Owing to the degeneracy between velocity and inclination (Begeman 1987) we decide to keep i fixed during the fit. The position angle PA is taken from the literature and it is the same used to align the slit along the major axis of the galaxies during the observations (see Sect. 2.2). The PA is fixed in the χ2 minimization fitting process. Although photometric-kinematic PA misalignment may exist, it has been demonstrated that PA measurements from high-resolution F814W images are generally in reasonable agreement with the kinematic PA. Epinat et al. (2009), for a sample of nine galaxies between 1.2 <z< 1.6 observed with SINFONI, found that the agreement between morphological and kinematic PA is better than 25°, except for galaxies that have a morphology compatible with a galaxy seen face-on. A similar result was found by Wisnioski et al. (2015), who studied the galaxy kinematics of a sample of galaxies at 0.7 ≤ z ≤ 2.7 with KMOS, and have found that the agreement between photometric and kinematic PA is better than 15° for 60% of the galaxies, and for 80% of the galaxies the agreement is better than 30°, while misalignments greater than 30° typically have axis ratios b/a > 0.6. In our sample only 23 galaxies (out of 82) have b/a > 0.6. 

          
          	[image: thumbnail]	Fig. 4
              Examples of galaxies from our sample. For each galaxy we show the F814W HST/ACS postage stamp with superimposed the 1″ width slit tilted to follow the galaxy major axis, the continuum-subtracted 2D spectrum, the best-fit kinematic model to the line emission and the residuals between the 2D spectrum and the best-fit model, on the same intensity scale as the 2D spectrum. In the spectra, the vertical and horizontal axes are the spatial position and wavelength, respectively. We show, both for the postage stamp and for the spectrum, the 1″ scale. The first three galaxies are classified as rotation-dominated, whereas the other two galaxies are dispersion-dominated.

            



        The parameters that describe the rotation velocity Vt and rt, the velocity dispersion σ, the doublet line flux ratio R[OII], and the exponential disc truncation radius rtrunc have been guessed tracing the continuum-subtracted emission line as a function of the spatial position. This procedure consists of fitting a Gaussian (double Gaussian with a rest-frame separation equal to 2.8 Å between the lines of the doublet) to the line profile in the wavelength direction, and it returns the values of the central wavelength, the dispersion (both converted in velocities), and flux ratio (in case of doublet) in each spatial bin. The tracing procedure terminates when the emission is no longer detected above the local noise level (S/N< 3), and this gives us a guess on the parameter rtrunc. Each trace has been visually inspected to ensure that the fit was not influenced by spurious reduction artifacts. An example of this procedure is shown in Fig. 3 (middle panel). We defined the initial rotation velocity parameter Vt as the average value between the maximum velocities (corrected for the inclination) reached in both approaching and receding side of the galaxy and the transition radius rt as the average between the radii at which the two maximum velocities have been first reached. For the σ, since we decided to use a constant value, this was set as the mean over the traced dispersion, after correcting it for the instrumental dispersion following Weiner et al. (2006b). The line flux ratio R[OII] has been defined as the mean over all the line flux ratio values measured along every spatial bin. 
To recover the initial parameters that describe the surface brightness, we collapsed the emission line along the spectral direction (after subtracting the continuum), obtaining a spatial profile of the emission that has been fitted with a truncated exponential disc (a sum of two truncated exponential discs in case of a doublet) convolved with the spatial resolution. As a result, we get a first guess of the parameters Σ0 and h. Except for the i, PA and λline(z), the other parameters are let to vary freely in the fitting process for a total of eight (nine, in the case of doublet) free parameters (Σ0, h, rtrunc, rcen, Vt, rt, Vsys, σ, R[OII]). 
3.3. Uncertainty estimation of the parameters
The fits are done by minimizing the weighted difference between the image of the 2D line emission and the 2D model of the same line. Each pixel is weighted by its inverse variance, which is computed by summing in quadrature the contribution from both the source and continuum-subtracted background. The first comes from the Poisson noise of the line-flux counts, and the second one is estimated directly from the rms fluctuation in regions where there is no object. These weights in the fit are translated into uncertainties on the parameters, computed from the covariance matrix. To the 1σ formal error from the fits, we added in quadrature to error on the parameter Vt the uncertainties coming from the inclination (propagated from the uncertainties on b/a) and from the PA, since those parameters are kept fixed in the fitting process. The adopted b/a, from the Zurich Structure and Morphology Catalog, was measured with a software (GIM2D, see Sect. 2.1), which gives morphological measurements that have been corrected for the instrumental point-spread function (PSF). In Sect. A, we computed systematic uncertainties on the measurements of the axial ratio b/a derived by small variation of the PSF and added them to the velocity error budget. We measured the instrumental resolution from the skylines (see Sect. 2.3) and we found that it varies from 2.58Å to 3.20Å with a distribution that peaks at 2.63Å. Since we constructed our model using the nominal spectral resolution (3Å) of the instrument, we adjusted the value of the parameter σ by applying a resolution correction using the value of the peak of the spectral FWHM distribution 2.63Å, and then we added the dispersion of the distribution to the uncertainties on σ. In median, we added −0.8 km s-1 and +4.7 km s-1 to the formal error on σ from the fit. 
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              F814W HST/ACS postage stamps of our sub-sample of dispersion-dominated galaxies, with superimposed the 1″ width slit tilted to follow the galaxy major axis. 

            



        4. Results
4.1. Kinematic parameters
The Levenberg-Marquardt least-squares fitting method is known to be sensitive to the local minima, thus it is important to choose the initial guesses as being as close as possible to the global minima. We accounted for this by measuring the initial guesses as described in Sect. 3.2. Furthermore, to explore the effect of the initial guesses on the resultant models, we adopted a Monte Carlo approach, which consists of perturbing the initial guesses by sampling a Gaussian distribution, obtaining 500 combinations of the free parameters and running the fit for every single combination. Amongst the fits that converged to a best-fit solution, we discarded the ones that have obviously wrong values for the parameters and extremely high values of the parameter errors, and we pre-selected the best-fit solutions in the lowest range of χ2 (within the 10% of the lowest value). We then defined the best-fit model as the solution with the value of the parameter Vt appeared most frequently at the most frequent χ2 value in the pre-selected χ2 distribution. Our results do not change if we, instead, define the best-fit model as the solution with the most frequently occurring value of the parameter Vt within the pre-selected χ2 distribution. 
In this way, we obtained one best solution (when available) for each modeled rotation curve (exponential disc, flat model and arctangent function). For each galaxy, we visually inspected their residual images, the trace of the emission at each position (see Sect. 3.2) – both for the observed spectrum and the modeled one – and their rotation curves (see Fig. 3). In general we chose the exponential disc solution, if available, by default. For our sample 60% of the galaxies were modeled by an exponential disc rotation curve. If the exponential disc solution was not available, we adopted the flat model solution and, if not available, the arctangent function solution. This decision was motivated by the fact that for the 50% of the sample, for which we got successfully a best-fit solution for each rotation curve model, the velocity V2.2, that is the velocity used to derive the scaling relations (see later in this subsection), was always consistent within the uncertainties for all the rotation curve solutions. 
The χ2-minimization fitting was run for 89 galaxies. Although seven of these presented noisy spectra (S/N< 3), the fitting was attempted. However, from our visual check we found that no best-fit parameters could properly reproduce the observations, so we discarded them, which resulted in a final sample of 82 galaxies. Examples of ours spectral data and best-fit model are shown in Fig. 4. 
To retrieve galaxy scaling relations and the dynamical masses, it is important to choose a fiducial radius at which the rotation velocity is measured. Past studies have shown that using different kinematic estimators (e.g., the maximal rotation velocity Vmax, the plateau rotation curve velocity Vflat, the velocity V80 measured at the radius containing ~80% of the total light, and the velocity V2.2 measured at R2.2 = 2.2 Rd, where Rd is the disc scale-length estimated from broad band imaging) can lead to different results (see, e.g., Verheijen 2001; Pizagno et al. 2007). In our sample, we adopted the V2.2 estimator, which provides the tightest scatter in various galaxy scaling relations for bright galaxies and the best match to radio (21 cm) line widths for local galaxies (Courteau 1997). The values of R2.2 are computed as 2.2 times the galaxy disc scale length measured from the HST/ACS F814W images (Scarlata et al. 2007) and included in the Zurich Structure and Morphology Catalog. 
The model is not always able to reproduce the surface brightness profile of the observation, since a few discs are likely to be well described by an exponential profile, especially at high redshift, where a considerable number of galaxies shows clumpy star formation (Förster Schreiber et al. 2009; Wuyts et al. 2012). We tested the reliability of rotation velocity parameters obtained from the fitting to the models by creating mock observations of galaxies (including the contribution of the background noise) with known rotation velocity and with diverse surface brightness profiles (generally described as a sum of two exponential functions with different Σ0, r0 and rcen) and we fitted them with our models, assuming an exponential disc surface brightness. We obtained that the values of the velocity best-fit parameters with different surface brightness profiles were always consistent within 1σ errors. We also tested (see Appendix B) the correctness of the assumption of an exponential disc profile on the real data, by using an algorithm from Scoville et al. (1983; see Sect. 3 therein for a detailed description) to derive the high-resolution spatial distribution of the galaxy emission that best matches the observed emission line profile shape. Including the profile derived in this way and re-fitting to the data, we found that the rotation velocity parameters were not affected by adopting this surface brightness profile. 
The kinematic parameters of our sample are listed in Table E.1. We found that in 82 successful fits, 66 galaxies (80%) are formally rotation-dominated and 16 galaxies (20%) are dispersion-dominated, by V2.2/σ> 1 and V2.2/σ< 1, respectively. We present in Fig. 5 HST/ACS images of our sample of dispersion-dominated galaxies. In Fig. 6 we show a correlation between V2.2 and σ for dispersion-dominated and rotation-dominated galaxies. Each point in Fig. 6 is color–coded according to its stellar mass and we can see that the most massive galaxies amongst the rotation-dominated ones have the largest values of V2.2. A similar result was found by Epinat et al. (2009), who have studied the kinematics of a sample of star-forming galaxies at 1.2 <z< 1.6. This would imply that the most massive star-forming galaxies are the most kinematically settled. Same result was presented by Kassin et al. (2012), who studied the internal kinematics of 544 so called blue galaxies with stellar masses ranging 8.0 < log M∗(M⊙) < 10.7 over 0.2 <z< 1.2, and found the most massive galaxies being the most evolved at any time. Another study from Simons et al. (2015) reports a transition mass in the smTF relation, log M∗(M⊙) = 9.5, which they call the “mass of disc formation” Mdf, for a sample of emission line galaxies at 0.1 <z< 0.375. This mass separates the galaxies that always form discs (M∗>Mdf) and are settled on to the local smTF relation, from those which may or may not form discs (M∗<Mdf) and can either lie on the smTF relation or scatter off of it to low rotation velocity and higher disordered motions. We are aware, however, that the characterization of a galaxy as dispersion or rotatation-dominated is a strong function of the galaxy size. Newman et al. (2013b) compared the kinematic analysis of a sample of 81 star-forming galaxies at z = 1.0−2.5 using IFU data observed with both seeing-limited and adaptive optics (AO) mode, and found that small galaxies are more likely to fall in the category of dispersion-dominated galaxies because of either insufficiently resolved rotation (especially with seeing-limited observations) or as a result of the almost constant values of velocity dispersion across all galaxy sizes while the values of rotation velocity linearly increase with size. They also found that many galaxies, which were considered dispersion-dominated from more poorly resolved data, actually showed evidence for rotation in higher resolution data but, in spite of this, they found that those galaxies have different average properties than rotation-dominated galaxies. They tend to have lower stellar and dynamical masses, higher gas fractions, younger ages, and slightly lower metallicities. They suggest that these galaxies could be precursors of larger rotating galaxies, as they accrete more mass onto the outer regions of their discs. We investigated any possible correlation between the size of the galaxies and the measured V2.2/σ, by estimating the fraction of galaxies that have the radius r80, defined as the semi-major axis length of an ellipse encompassing 80% of total light (from the Zurich Structure and Morphology Catalog), smaller than the measured seeing (Sect. 2.3). We found that this condition was true for 80% of the dispersion-dominated galaxies, while 60% of the total sample have r80 smaller than the seeing. Therefore, although r80 is only an approximation for the size of the galaxy, we found that the fraction of dispersion-dominated galaxies with small size is over-represented compared to the total fraction, suggesting that the classification as dispersion-dominated may be biased by the size of the galaxies. 
We compared our kinematic classification to the galaxy morphologies as measured from the HST images by Scarlata et al. (2007), and we found that half of the dispersion-dominated sample is formed by galaxies defined as irregular, while 31% have an intermediate bulge and only three galaxies (19%) are classified as pure discs. The majority of the rotation-dominated galaxies, instead, are constituted of pure discs (42%), while 29% are formed by galaxies with intermediate bulge and 23% are defined as irregular. The remaining 6% is formed by three bulge-dominated galaxies and one early type. Three galaxies in Fig. 6 do not follow the correlation and, even though they rotate quite fast, they exhibit high velocity dispersion. For the two most massive galaxies a clear presence of a prominent bulge in the HST images, or unresolved inner velocity gradient not described by simple models or intrinsic dispersion, may be the cause of the high dispersion, even though their discs are still rotating. The less massive one has a bright clumpy region in the periphery, which may have high dispersion and which, due to its relatively high brightness, may dominate the emission. 

          	[image: thumbnail]	Fig. 6
              Rotation velocity V2.2 as a function of the velocity dispersion σ. The points are color–coded according their stellar mass. Blue and red circles around the points identify rotation- and dispersion-dominated galaxies, respectively. 

            



        
          	[image: thumbnail]	Fig. 7
              SmTF relation constrained for our sample of rotation-dominated galaxies (black circles). The gray points are the dispersion-dominated galaxies. The magenta stars show the AGNs. Our fit is represented with a solid red line. The dotted red lines show the intrinsic scatter σintr. We plot as references the relations at z = 0 (Pizagno et al. 2005) with a short-dashed black line, z ~ 0.6 (Puech et al. 2008) with a dot-dashed green line and z = 0.8–1.25 (Miller et al. 2011) with a long-dashed blue line. 

            



        Most of our kinematic sample is composed of [OII] emission line galaxies (79 out of 82) and, for those galaxies, we measured the line ratio R[OII] from the model fitting. We show the distribution of R[OII] along with its relationship to other galaxy parameters (σ, M∗, SFR) in Appendix C. We measured the rest-frame equivalent width (EW) and computed the SFR from [OII] following Lemaux et al. (2014). The choice of using EW([OII]) to derive the SFR instead of [OII] flux was motivated by the lack of the absolute flux calibration for our spectroscopic observations (see Sect. 2.3). In Fig. C.4 we show the comparison between the SFR computed using the spectral energy distribution (SED) fitting and the [OII] emission. The values of R[OII], SFRSED and SFR[OII] are listed in Table E.2. 
4.2. Stellar mass Tully-Fisher relation at z ~ 0.9
We present the stellar mass Tully-Fisher (smTF) relation obtained at z ~ 0.9 in the COSMOS field. This is shown in Fig. 7 and takes the form: [image: equation](9)where a and b are the slope and the y-intercept of the relation, respectively, and log V2.2,0 is chosen to be equal to 2.0 dex to minimize the correlation between the errors on a and b (Tremaine et al. 2002). Since the smTF relation is known to be valid for rotating galaxies, we decided to fit the relation for the rotation-dominated sub-sample, shown in Fig. 7 with black circles, whereas the dispersion-dominated galaxies are plotted as gray points. We decided not to include the two galaxies known to be NL AGNs in the fit of the smTF relation, since we cannot tell if the emission is dominated by the AGN or by the host. We note that, for those galaxies, the stellar mass measurements may not be correct since AGNs were not taken into account in the SED-fitting process. The relation in Eq. (9) is obtained using MPFITEXY routine (Williams et al. 2010), which adopts a least-squares approach accounting for the uncertainties in both coordinates and incorporates the measurement of the intrinsic scatter σintr on the velocity variable, added in quadrature to the overall error budget. The MPFITEXY routine depends on the MPFIT package (Markwardt 2009). Following previous analyses of the Tully-Fisher relation (see e.g., Verheijen 2001; Pizagno et al. 2005, 2007; Miller et al. 2011; Reyes et al. 2011), we fitted an inverse linear regression to our data, where velocity is treated as the dependent variable. The relation is then inverted to compare the fitted parameters to other works, which show the forward best-fit parameters of the smTF relation. MPFITEXY automatically handles the inversion of the results and the propagation of errors. Forward and Inverse fitting is only symmetric if there is no intrinsic scatter (σintr = 0) (Tremaine et al. 2002), but generally this is not the case. It has been shown in previous works (e.g., Willick 1994; Weiner et al. 2006a) that there is a significant bias in the slope of the forward best fit relation introduced by the sample selection limits. Therefore the inverse relationship is usually preferred, where the galaxy parameters that are more subject to the selection effects (magnitude, stellar mass) are treated as the independent variable. 
We determined the 1σ errors on a, and b, by repeating the fit for 100 bootstrap sub-samples of 82 galaxies from the full rotation-dominated galaxy sample and taking the dispersion of the distribution of bootstrap estimated parameters as the uncertainty in the same parameters. Our best-fit parameters are shown in Table 2. 

          Table 2

              Stellar mass Tully-Fisher parameters.

            

        To investigate the evolution of the smTF relation with redshift, we plotted the relations at z = 0 from Pizagno et al. (2005) and at z ~ 0.6 from Puech et al. (2008). A smTF relation in similar redshift range to our sample (0.8 <z< 1.25) was presented by Miller et al. (2011) for 37 galaxies in the GOODS fields and we also plotted it for comparison. Our result shows no significant evolution with redshift and it is in good agreement with the result obtained by Miller et al. (2011). We also fitted the smTF relation, fixing the slope to the z = 0 relation form Pizagno et al. (2005) and we quantified an offset of  ΔM∗ = −0.1 dex that is within 1σ error on the y-intercept and is consistent with the no significant evolution observed by Miller et al. (2011; ΔM∗ = −0.037 dex) and by the predictions from the cosmological simulations up to z = 1 (Portinari & Sommer-Larsen 2007). Conversely, Puech et al. (2008) found an offset of the smTF relation at z ~ 0.6 equal to ΔM∗ = −0.36 dex with respect to the local relation, suggesting an evolution of the smTF relation. Small differences in the slope that we measured compared to Pizagno et al. (2005) and Puech et al. (2008) may arise from different adopted techniques used to compute galaxy stellar mass and, in particular, from the IMF assumption. Indeed, the former assumed a Kroupa IMF (Kroupa 2001) and the latter a “diet-Salpeter” IMF (Bell & de Jong 2001; Bell et al. 2003). Miller et al. (2011), conversely, assumed a Chabrier IMF, as we did. 
A recent work on the TF relation at z ~ 1 from the KROSS survey, using the multi-object IFU KMOS, has been presented by Tiley et al. (2016). They constrained the smTF and K-band TF relations for a sample, denoted as “disky”, of 56 rotation-dominated galaxies (out of 210 galaxies with well-measured rotation velocity) at z = 0.8−1.0, applying the strict selection criterion V80/σ> 3. They computed stellar masses assuming Chabrier IMF. They found evidence of significant evolution of the smTF relation towards lower masses, ΔM∗ = −0.41 dex, while no evolution in the K-band TF relation. This result is very different from the one we found both on the slope (their relation has a slope of a value 4.7) and on the evidence of evolution of the relation, despite the fact that we also selected galaxies dominated by the rotation to constrain the smTF relation but with a less stringent cut (V2.2/σ> 1). Tiley et al. (2016) stress the importance of their result, obtained by selecting strictly rotation-dominated galaxies, to make the comparison with TF relations for z ~ 0 late-type galaxies that are dominated by the rotation. They argue that the difference with past works, which found no evolution of the smTF relation (Conselice et al. 2005; Miller et al. 2011), is due to the inclusion of galaxies with low ratios of rotation-to-pressure support. We find that the cut applied by Tiley et al. (2016) to keep galaxies only supported by the rotation is overly strict and probably it introduces a bias in their “disky” sample which removes all the galaxies with velocity smaller than ~ 120km s-1 (except for one galaxy with 84 km s-1) for stellar masses between 108.9M⊙ and 1011M⊙. In our kinematic sample, conversely, 12 galaxies have V2.2< 120km s-1 with a minimum value of 64km s-1. Some of the galaxies used by these authors have been observed in the COSMOS field and we may have some targets in common but, unfortunately, we were not able to recover the coordinates of these galaxies to make a direct comparison. 
Our smTF relation shows an intrinsic scatter of 0.106 dex in velocity. This is smaller than the value obtained by Puech et al. (0.12 dex), but it is larger than the scatter obtained by Pizagno et al. (2005) and Miller et al. (2011; ~0.05 dex for both). An important factor, which influences the scatter, is the measurement of the errors since σintr is computed assuming that the uncertainty estimation is correct. Therefore the details of how the analysis is actually carried out have a very strong effect on the result. Another factor that definitely affects the scatter around the smTF relation is the sample selection. Kannappan et al. (2002) have shown that the scatter around the TF relation increases by broadening their spiral sample, for which the relation is computed, to include all morphologies. They also argue that local studies tend to weed out kinematically irregular galaxies; therefore if a more representative sample of spirals is selected, the scatter could actually be much higher. At intermediate redshifts, small irregularities in rotation curves are harder to detect, owing to limited spatial resolution, and so a higher measured scatter might reasonably be expected (Moran et al. 2007). We emphasize that our sample was not subject to a pre-selection that aims to prefer some galaxy morphologies rather than others, and that our selection on the inclination and the PA was driven only by the necessity to create the observing conditions that favor the extraction of the kinematics information. Moreover, the selection based on the GINI parameter (Sect. 2.1) was applied to a small fraction of our sample (17%), for which we did not have prior spectroscopic information. In fact, the whole sample spans a wide range of GINI parameters from 0.29 to 0.60. Conversely, Pizagno et al. (2005) applied a strict morphological cut in their sample, selecting galaxies with a disc-to-total luminosity ratio greater than 0.9, and Miller et al. (2011) made a morphological selection favoring disc-like structures, even though they attempted to avoid to favor “well-behaved” spirals and included a more morphologically disturbed population in their sample. We conclude that we do not have the conditions to investigate the evolution of the scatter with redshift. Therefore, rather than comparing the scatter with other studies that have different selections, we opt to internally compare our own data from the overall sample as a function of redshift in a future work. 

          	[image: thumbnail]	Fig. 8
              Left panel: comparison between dynamical (y-axis) and stellar (x-axis) masses in logarithmic units. Blue diamonds and red circles represent the rotation- and dispersion-dominated galaxies, respectively. The magenta stars show the AGNs. The dashed line represents the relation 1:1. Right panel: rotation versus dispersion contributions to the Mdyn. Blue diamonds and red circles are the rotation- and dispersion-dominated galaxies, respectively. The magenta stars show the AGNs. The dashed line represents the relation 1:1. 

            



        Knowing that M∗ and V2.2 are not measured at the same radius, to ensure consistency of our smTF relation and that the comparison with other works is fair, we repeated the fit of the relation following the technique adopted by Miller et al. (2011). In one case, we constrained the relation for stellar masses and velocities, both measured at the radius R2.2. To that end, we applied an aperture correction to the stellar mass by estimating the fraction of light contained within R2.2 for an exponential profile galaxy (see Sect. 4.3). In the other case, we derived the smTF relation using the total stellar mass of our galaxies and the velocity measured at the radius R3.2, also called optical radius, which contains 83% of the total integrated light and, for an exponential disc, is equal to 3.2 times the disc-scale length. In both cases, the smTF relation is in good (≲2σ) agreement with the relation presented in Fig. 7 for the best-fit value of slope and y-intercept. We find, moreover, that the relation computed at the radius R2.2 exhibit the same intrinsic scatter (σintr = 0.106 dex) as our original relation, while the relation derived at R3.2 shows a larger intrinsic scatter (σintr = 0.128 dex), most likely due to the fact that the emission of most of our galaxies does not extend that far out and the measurements of the velocity at R3.2 are the result of an extrapolation at that radius. We are therefore confident that the comparison with other works of the smTF relation derived in our study is not subject to bias introduced by the different radii at which M∗ and V2.2 are measured. 
4.3. Dynamical mass measurements
In this section, we present the dynamical masses computed for our sample of star-forming galaxies at 0.75 <z< 1.2. The dynamical mass of disc galaxies is defined by the maximum rotation velocity following the formula [image: equation](10)where R is the radius at which we measure the maximum velocity and G is Newton’s gravitational constant. However, this formula is valid for galaxies with total mass that is supported mainly by the rotation and, as we have shown in Sect. 4.1, our sample is 20% composed of dispersion-dominated galaxies, for which the measured slow rotation is not enough to dynamically support the galaxy mass. For these galaxies, to take into account the pressure support, we apply an “asymmetric drift correction” term (Meurer et al. 1996), which involves radial gradients of the gas surface density, the gaseous velocity dispersion, and the disc scale-height. We assumed that (i) the galaxy kinematics is axisymmetric; (ii) the gas velocity dispersion is isotropic; (iii) the velocity dispersion and the scale-height of the galaxy disc are constant with radius; and (iv) the gas surface density profile follows the exponential galaxy surface brightness, assumed in our models (Eq. (2)). Adapting the equation (2) from Meurer et al. (1996) for an exponential gas surface density profile, we computed the asymmetric drift correction, which leads to the following expression of the dynamical mass within R2.2: [image: equation](11)The two terms of Eq. (11), Mdyn(V2.2) and Mdyn(σ), refer to the rotation and dispersion contribution to the total mass, respectively. The first term, Mdyn(V2.2), represents the mass enclosed within the radius R2.2, the second term, Mdyn(σ), represents the asymmetric drift correction at the same radius. The dynamical mass of each galaxy is given in Col. (12) of Table E.1, the uncertainties are estimated by the propagation of the errors on V2.2 and σ. The values range between 2.5 × 109M⊙ and 2.3 × 1010M⊙ with a median value of 1.0 × 1010M⊙ for the dispersion-dominated galaxies, and between 1.3 × 1010M⊙ and 3.1 × 1011M⊙ with a median value of 4.5 × 1010M⊙ for rotation-dominated galaxies. 
In Fig. 8 (left panel), we present the comparison between the computed dynamical mass and the stellar mass (Sect. 2.4). We find that our independent measurements of stellar and dynamical mass have highly significant correlation. The dynamical mass gives us a measure of the total mass of the galaxy within the radius R2.2, including all its components (stars, gas, and dark matter). Therefore, as expected, Mdyn(R2.2) is generally equal to or greater than M∗. Within their uncertainties, a few galaxies have M∗>Mdyn(R2.2). 
Knowing that both masses, M∗ and Mdyn, are measured at different radii (M∗ is evaluated at larger radius), to make a comparison with previous works, we computed an aperture correction by estimating the fraction of light contained within R2.2 for an exponential profile galaxy. We found that 65% of the total F814W light is included in R2.2 and we have applied this correction to M∗ measurements. We computed the stellar-to-dynamical mass fraction within R2.2 for our sample, and we found a median value of 0.2, which means that the contribution from gas+dark matter masses is 80% of the total dynamical mass within R2.2. Our stellar-to-dynamical mass fraction is consistent with the fraction measured by Stott et al. (2016) within R2.2 for star-forming galaxies at z = 0.8−1.0 from the KROSS survey. They found that, on average, 78% of the total mass within R2.2 is composed of non-stellar material. Miller et al. (2011) obtained a value of stellar-to-dynamical mass fraction within R2.2, across all their sample at 0.2 <z< 1.3, equal to ~0.3 with a considerable scatter (σint = 0.25), while Wuyts et al. (2016) found a median fraction equal to 0.32 within the H-band half-light radius for a sample of star-forming discs from the KMOS3D survey, spanning a wide redshift range of 0.6 <z< 2.6. We note that the stellar-to-dynamical mass fraction is dependent on the IMF assumed when computing the stellar mass. Assuming, for example, a Salpeter IMF (Salpeter 1955), the stellar-to-dynamical mass fraction would have been equal to ~0.33, since galaxy stellar masses calculated assuming a Chabrier IMF are ~0.6 times smaller than the ones calculated assuming a Salpeter IMF. For the comparison with previous works, the studies discussed here have computed stellar masses assuming Chabrier IMF. 
Figure 8 (right panel) presents the rotation versus the dispersion contributions to the Mdyn. Here we see, even more clearly than in Fig. 6, the separation between rotation- and dispersion-dominated galaxies. 
4.4. SmTF relation as a function of the environment
Another important question we are trying to answer is: does the smTF relation have any dependence on the environment? Usually galaxy parameters vary according to the environment in which they are located (Baldry et al. 2006; Bamford et al. 2009; Capak et al. 2007; Sobral et al. 2011; Scoville et al. 2013), hence we expect to observe this dependence reflecting in the galaxy scaling relations. To investigate possible variations of the smTF relation we first defined environments by using the local surface density measurements by Scoville et al. (2013) in the COSMOS field. They used the two-dimensional Voronoi tessellation technique (Ebeling & Wiedenmann 1993) to measure the local density (Σvor) associated with each galaxy, and to map and visualize coherent the large-scale structure for a KS ≤ 24 sample of 155 954 galaxies out to z = 3, using extremely well-constrained photometric redshifts. Darvish et al. (2015) have shown, with extensive simulations on evaluating the performance of different density estimators, that the Voronoi tessellation technique (along with adaptive kernel smoothing technique) outperforms other methods and thus it should be considered as more reliable and robust than the widely-used nearest-neighbor (usually 5th or 10th NN) or count-in-cell (CC)  techniques. 
To attempt other environment measurements we searched in group catalogs available for the COSMOS field to determine if an appreciable number of galaxies in our sample had been classified as group members. We looked at a catalog of X-ray selected groups from George et al. (2011) and found that only one galaxy in our sample was defined as a member of a poor (Nmem< 3) group. The percentage of our selected galaxies that are classified as group members is 1%, hence smaller than the 3% found for the galaxies part of the X-ray selected groups catalog at 0.75 <z< 1.2. Another group catalog was built by Knobel et al. (2012), based on spectroscopic redshift measurements in the zCOSMOS-bright survey. We found that only 18 galaxies of our sample are present in their catalog, of which 13 have a significant probability of being associated to a group. We note that the work of George et al. (2011) presents inconsistencies with Knobel et al. (2012). Owing to a low number of our galaxies in group catalogs and to the inconsistency between these two works, we use the local density measurements to define the environment and we defer to future works to proper define other environment measurements. 
In Fig. 9, we show the density distribution of the parent galaxy sample from Scoville et al. (2013) at 0.75 <z< 1.2 and the density distribution of our galaxy sample. In the parent sample, seven of our galaxies do not have density measurements and, therefore, will not contribute to our investigation. Since we are not interested in comparing the normalization of the distributions, we re-normalized the histograms to better visually compare their spreads and peaks (their normalization does not reflect the actual scale). To quantify any bias between the two samples we performed a Kolmogorov-Smirnov (K-S) test. We defined a null hypothesis that both samples are drawn from the same distribution and we rejected the null hypothesis if the p-value PKS is below the value 0.05. We find that both samples are consistent with having been drawn from the same distribution (PKS = 0.38). 

          	[image: thumbnail]	Fig. 9
              Local density distributions. The gray histogram represents the distribution of log 10(Σvor/ Mpc2) for the parent galaxy sample from Scoville et al. (2013) at 0.75 <z< 1.2. The purple histogram shows the density distribution of our sample. Both histograms are re-normalized for a better visual comparison of their spreads and peaks, therefore their normalization does not reflect the actual scale. The vertical line splits in half the parent local density distribution, to define the low- (to the left) and the high- (to the right) density environments. The plot embedded shows the comparison of the two cumulative distributions of both samples with the resulting value from the K-S test. 

            



        We defined low- and high-density environments such that the parent local density distribution in the redshift range of our interest was split in half. A first attempt to divide the overall distribution in three environmental density bins – low, moderate, higher density – have been made based on projected density quartiles and interquartile, but we have too low statistical significance in two of the three bins. Therefore we decided to increase the statistic significance and to consider two environment classes. The low-density environment has values of log 10(Σvor/ Mpc2) between -0.678 and -0.074 and the high-density environment has values between −0.074 and 1.113log 10(Σvor/ Mpc2). As we see in Fig. 9, the local density distribution of our sample does not reach the lowest nor the highest value of the parent distribution. Our galaxies do not probe the least dense environments (void-like regions) in the COSMOS field nor the most dense ones typical to cluster galaxies, hence our sample is characterized by a local density distribution that goes from a slightly less dense environment than field galaxies to group galaxies. 
We plotted our smTF relation for galaxies in lower (pink diamonds) and higher (purple squares) density environments in the top panel of Fig. 10. Here we investigate the possibility that any correlation exists between the scatter of the galaxies around the relation (even for the dispersion-dominated ones) and their environment, in order to understand if the environment can influence the galaxies so that they deviate from the scaling relation. Visually we do not detect any difference in the spread of the two galaxy sub-samples around the relation computed for the rotation-dominated galaxies (Sect. 4.2). To properly quantify the difference in scatter between the galaxies in both density environments, we define a quantity dw as the 1σ error weighted shortest distance to the relation between our data points and the smTF relation. We introduced this quantity to investigate environmental effect on both rotation velocity and stellar mass. We explain in detail how dw is computed in Appendix D. Figure 10 (middle panel) presents the distribution of the distances dw for the full sample and for both sub-samples at low- and high-density. We see that galaxies in the two environments have remarkably similar distributions to that for the full sample. In the bottom panel of Fig. 10, we compare the cumulative distributions of the galaxies in low- and high-density environments. A K-S test between them tells us that the probability that the two samples are consistent with having been drawn from the same distribution is ~71%. This implies no difference owing to the environment in the scatter around the smTF relation. Furthermore, we explored whether any effect of the environment exists in constraining the smTF relation and we again fitted the relation, separately, for rotation-dominated galaxies in low- and high-density environments, with the slope set to the value found for our whole rotation-dominated sample. We find no significant offset of the relation (ΔM∗ = −0.04 dex for the sub-sample at low-density, ΔM∗ =  + 0.02 dex for the sub-sample at high-density), which is consistent with no environmental effect. 

          
          	[image: thumbnail]	Fig. 10
              Top panel: stellar mass M∗ versus rotation velocity V2.2 for our sample at 0.75 <z< 1.2 in different environments. The pink diamonds and the purple squares are for galaxies in lower and higher density environment, respectively. The gray circles are the galaxies for which we do not have density measurements. The green stars identify the AGNs. The black solid and dotted lines show our smTF relation with the intrinsic dispersion. Middle panel: distribution of the 1σ error weighted distance dw of the data points from the relation for the entire sample in gray solid histogram, and for the galaxies in low- and high-density environments in pink and purple hashed histograms, respectively. The value of the weighted scatter around the relation for the whole sample and the two sub-samples is also shown. Bottom panel: cumulative distribution of dw for low (pink) and high (purple) density environment and the result of the K-S test.

            



        4.4.1. Previous studies
In this study, we present our investigation of the dependence of the stellar mass Tully-Fisher relation with the environment at z> 0, for the first time, using local density measurements obtained with the 2D Voronoi tessellation technique that identified large scale structure in the ~2 deg2 COSMOS field. This approach for tracing the environment makes use of the local number density of galaxies as a proxy for their host region. The conventional method to define the environment as two extreme regions in the density distribution of galaxies, i.e. galaxy cluster and general field, is an overly coarse binning of the full dynamical range of the density field at these redshifts. There are, indeed, intermediate environments, such as galaxy groups, outskirts of clusters, and filaments that are equally important (Fadda et al. 2008; Porter et al. 2008; Tran et al. 2009; Coppin et al. 2012; Darvish et al. 2014, 2015). Previous works on constraining the B-band TF relation for cluster and field galaxies at 0 <z< 1 (e.g. Ziegler et al. 2003; Nakamura et al. 2006; Jaffé et al. 2011; Bösch et al. 2013) have found no dependence of the TF relation with environment, while other studies by Bamford et al. (2005) and Moran et al. (2007) have found this kind of change. Bamford et al. (2005) derived a B-band TF relation for 58 field galaxies at 0 ≲ z ≲ 1 and for 22 cluster galaxies at 0.3 ≲ z ≲ 0.85 and have found that the cluster galaxies relation is offset from the one for the field galaxies by ΔMB = 0.7 ± 0.2 mag. Moran et al. (2007) computed the scatter around the Ks-band (proxy of the stellar mass) and V-band TF relations at 0.3 ≲ z ≲ 0.65 for 40 cluster galaxies and 37 field galaxies, showing that cluster galaxies are more scattered than the field ones. As already pointed out, the most dense environment that our galaxies sampled is a group-scale one, therefore we cannot assert agreement or disagreement with those previous works, since they focus on comparison between field and cluster galaxies. Jaffé et al. (2011) included group galaxies in their sample and have found no correlation between the scatter around the B-band TF and the environment, nevertheless they did not explore the environmental effect on the smTF relation. 
In the local Universe (z ≪ 0.1), Torres-Flores et al. (2010, 2013) compared the kinematics of a galaxy sample composed of nearby groups from the sample of Hickson (1993) and concluded that the behaviour of most compact group galaxies on the different TF relations (B-band, K-band, stellar and baryonic) do not fundamentally differs from those shown by field galaxies. They argue, however, that the larger scatter around the relation for the compact group galaxies and the presence of some outliers indicate subtle, but intrinsic, differences between compact group and field galaxies, which may be linked to transient evolutionary phenomena owing to the dense environment of compact group of galaxies. We expect, therefore, that a galaxy that lies in a dense environment would be affected by the gravitational potential created by the surrounding galaxies and have its gas and its kinematics disturbed. In our high-density sub-sample, we find no such evidence of kinematic disturbances relative to the low-density sub-sample. This may be an effect of the limited dynamic range of densities probed by our sample and by the COSMOS field as a whole, an effect of combining galaxies in field and group environments in the high-density bin, a true similarity between the two populations, or some combination of the three. Within nearby cluster galaxies, it has been shown by Amram et al. (1993) that the kinematics of cluster members is not perturbed until the optical radius, while Torres-Flores et al. (2014) have found that in structures only as dense as local compact groups, a high fraction of galaxies do present significant kinematic disturbance. Jaffé et al. (2011), at 0.36 <z< 0.75, also computed the fraction of kinematically disturbed galaxies fK in field, group and cluster environments and they have obtained a higher fK for cluster galaxies than for field and group ones. 
We conclude that a more complete study, extending to more dense environments, is needed to better understand the effect of the environment on the galaxy kinematics. 
5. Conclusions
We have presented our new survey HR-COSMOS aimed to obtain the first statistical and representative sample to study the kinematics of star-forming galaxies in the COSMOS field at intermediate redshift. The COSMOS field is a unique treasury of multi-wavelength photometric information, morphological and spectroscopic parameters highly optimized for the study of galaxy evolution and environments in the early Universe. We collected a large sample (766 galaxies) of morphologically blind galaxies at 0 <z< 1.2, observed with the multi-slit spectrograph ESO-VLT/VIMOS in HR mode. We have aligned each spectral slit along the galaxy major axis, using the information from the high spatial resolution HST/ACS F814W imaging data. In this paper, we focused our analysis on the galaxies in the highest redshift range, 0.75 <z< 1.2. We estimated stellar masses making use of the latest COSMOS photometric catalog (Laigle et al. 2016) derived from the deep-ground and space-based imaging in 30 broad, intermediate, and narrow bands, including the latest data releases from UltraVISTA and Spitzer. We modeled the rotation velocity of the galaxies taking into account the instrumental contribution to the observations, such as the seeing and the wavelength resolution. We obtained the rotation velocity at the characteristic radius R2.2 to constrain the stellar mass Tully-Fisher relation at z ~ 0.9. Our main results are summarized below.

        
          	
             
            We obtained velocity rotation measurements of 82 galaxies atz ≃ 0.9, of which 80% being rotation-dominated and 20% dispersion-dominated. For the rotation-dominated galaxies, thanks to the relatively large number of galaxies in our sample, we were able to fit the smTF relation without the necessity to set the slope to a local relation, as has often been done in previous works. 

          

          	
             
            Our smTF best-fit parameters (slope = 3.68 ± 0.79, y-intercept = 2.15 ± 0.15) are formally consistent with previous works in a similar redshift range, like Miller et al. (2011) with spectra obtained with the spectrograph Keck/DEIMOS in the GOODS fields and Di Teodoro et al. (2016), who use 3D spectra of a small selected sample of galaxies from ESO-VLT/KMOS. However, our results largely differ from Tiley et al. (2016), who constrained the smTF relation for a sample of rotation-dominated galaxies (V80/σ> 3) from the KROSS survey. 

          

          	
             
            No apparent evolution of the smTF relation with redshift was detected when comparing our relation to previous works at lower redshift, such as Pizagno et al. (2005) at z = 0 and Puech et al. (2008) at z ~ 0.6. We also fitted the smTF relation setting the slope to the z = 0 relation form Pizagno et al. (2005) and we found an offset of ΔM∗ = −0.1 dex that is within 1σ error on the y-intercept and consistent with no significant evolution predictions from cosmological simulations (Portinari & Sommer-Larsen 2007). Nevertheless, since the sample selection and the details of how the analysis is actually carried out have a strong effect on the results, we will extend our kinematic study to the full sample over 0 <z< 1.2 to investigate, in a consistent manner, any possible evolution of the smTF relation with redshift. 

          

          	
             
            The scatter around our smTF relation is smaller than the one obtained by Puech et al. (2008) at z ~ 0.6, and larger than the scatter obtained by Pizagno et al. (2005) at z = 0 and Miller et al. (2011) at z ~ 0.9. We argue that the sample selection plays an important role in the determination of the scatter around the smTF relation, and therefore an internal comparison of the scatter within our own full sample at 0 <z< 1.2 will be presented in a future work. 

          

          	
             
            We presented our dynamical mass measurements within the radius R2.2 for both rotation- and dispersion-dominated galaxies. To account for the fact that some galaxies are not dynamically supported by the rotation, we introduced an “asymmetric drift correction” term (Meurer et al. 1996), which adds a pressure contribution to the dynamical mass. In comparing the dynamical and stellar masses within R2.2 at z ≃ 0.9, we find a median stellar-to-dynamical mass ratio equal to 0.20 (for a Chabrier IMF), which means that gas+dark matter masses contribute for 80% of the total mass. Our result is consistent with the stellar-to-dynamical mass fraction measured by Stott et al. (2016) within R2.2 for star-forming galaxies from the KROSS survey at z = 0.8−1.0, and by Miller et al. (2011) within R2.2 across their full sample at 0.2 <z< 1.3. 

          

          	
             
            We finally presented our investigation of the dependence of the smTF relation with the environment at z> 0, for the first time using the local surface density measurement by Scoville et al. (2013), obtained with the 2D Voronoi tessellation technique. We have set lower density and higher density environments for the our sample (dispersion-dominated galaxies included) and we computed the scatter around the relation for galaxies in the two environmental bins. We find no dependence of the scatter on environment. We explored whether any effect of the environment exists in constraining the smTF relation and we again fitted the relation, separately, for rotation-dominated galaxies in low- and high-density environments. Still we found no significant offset of the relation consistent with no environmental effect. We note that our sample does not probe the extremes of the COSMOS local density distribution, hence our galaxies in the high-density environmental bin are most likely sitting in a group scale environment. We argue that the gravitational potential created by a group scale environment is possibly not strong enough to kinematically perturb the gas in galaxies. Extending this kinematic study to galaxies in denser environment (cluster-like), is needed to better explore the effect of the environment on the kinematics. 

          

        

      Our analysis demonstrates the power of systematic multi-slit spectroscopy over deep redshift surveys in treasury fields like COSMOS. Even though recent integral field spectroscopy combined with adaptive optics (AO) facilities enable us to retrieve precise 3D velocity map of galaxies, these facilities remain limited in terms of galaxy selection and they require huge amount of telescope time to acquire large representative samples. Multi-slit spectroscopy remains a good complementary alternative to study kinematics of galaxies over deep cosmological fields allowing us to observe, in the case of VIMOS, ~120 galaxies per exposure in a wide field of view, 4 ×  7′ × 8′, much larger than the ~2′ × 2′ and 1′ × 1′ fields of view provided by the last generation of IFUs as KMOS and MUSE, respectively. 

    
1 
          http://irsa.ipac.caltech.edu/data/COSMOS/tables/morphology/
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      Appendix A:  Uncertainties on the axial ratio b/a
The adopted b/a is included in the Zurich Structure and Morphology Catalog and was measured with a software (GIM2D, see Sect. 2.1) that gives morphological measurements corrected for the instrumental PSF. We used the axial ratio to derive the inclination of the galaxies of our sub-sample at z ~ 0.9. 
The inclination is an important parameter in our kinematic analysis since it scales the observed velocity to obtain the galaxy intrinsic velocity rotation (see Eq. (3)). Therefore, we visually checked the correctness of this parameter by overlapping an ellipse with the adopted b/a on the HST/ACS F814W image of each galaxy. We plot this visualization for a randomly chosen subset of six galaxies drawn from our main sample in Fig. A.1. Since the GIM2D measurements in the catalog only included the value of the ellipticity (1−b/a), but not those of a and b, we adopted as major axis a quantity called r80 from the Zurich Structure and Morphology Catalog. This quantity is defined as the semi-major axis length of an ellipse encompassing 80% of total light, with the adopted minor axis being, therefore, equal to r80 scaled by b/a. 

          	[image: thumbnail]	Fig. A.1
              Example of the visual check of the correctness of the inclination adopted in our kinematic analysis, by placing ellipses (in red) with the axial ratio b/a from the Zurich Structure and Morphology Catalog on HST/ACS F814W galaxy images. The contours begin at 1σ and continue with 2σ step.

            



        This inspection allowed us to ensure that the inclinations employed in our kinematic analysis are reasonably measured and that they do not bias the rotation velocity derived. 
However, systematic uncertainties on the axial ratio measurements due to small variations of the instrument PSF must be taken into account in the velocity error budget. To that end, following (Epinat et al. 2009), we estimated upper and lower limits for the axial ratio b/a. As before, we adopted a = r80 and b = r80 × b/a. We obtain that b/a, as a result of the small variation of the PSF, which we assume to be the same for both major and minor axes and equal to one third of the HST/ACS PSF (where the ACS PSF is ~0.1″), can vary in the following range: [image: equation](A.1)with Δ = 0.03. In Fig. A.2, we show an example of how the ellipse overlapped to the HST/ACS image changes when using the upper and lower limit of the axial ratio. 

          	[image: thumbnail]	Fig. A.2
              Example of the ellipse that overlaps the HST/ACS image with b/a as measured in the Zurich Structure and Morphology Catalog (black dashed ellipse) and as it appears using the lower (red solid ellipse) and upper (blue solid ellipse) value of b/a measured in Eq. (A.1). 

            



        We quantified that the relative uncertainties coming from the small variations of the instrument PSF go from a minimum of 6% to a maximum of 30%. These uncertainties are propagated to the inclination and the rotation velocity, the values of which are presented in Table E.1. 

      Appendix B:  Model of the galaxy surface brightness
We showed in Sect. 4 that our models are not always able to reproduce the observed spectra light profile. These models are particularly ineffective at high redshift where galaxies are known to exhibit clumpy star formation. 
Here we test the effect of our assumption about exponential disc profile on our derived rotation velocities. To that end, we used an algorithm from Scoville et al. (1983; see Sect. 3 therein for a detailed description), which derives the spatial line emission distribution (even non-axisymmetric) at high-resolution that best matches the observed emission line profile. Since the algorithm was not implemented to work with doublet emission lines, we made our test on galaxies with Hα emission line spectra from our sample at lower redshift. For those galaxies we fitted the observed spectrum with kinematic models obtained with both an exponential surface brightness profile and the profile derived by the algorithm. The comparison between the two best-fit models for three cases at redshift z = 0.0726, z = 0.2494 and z = 0.1125 is shown in Fig. B.1. 
We find that the models with the light profile derived with the algorithm from Scoville et al. (1983; right panels) reproduce much better the observed emission line than the models obtained with the exponential profile (middle panels). If we compare the rotation velocity VROT estimated with both models (values given in the upper right corners with their associated uncertainties), we find that they are always consistent within the uncertainties. We claim, therefore, that there is no effect from the modeled surface brightness profile in the derivation of the galaxy rotation velocity. 

          
          	[image: thumbnail]	Fig. B.1
              Comparison between two modeling techniques for three cases with the Hα emission line observed at z = 0.0726, z = 0.2494 and z = 0.1125. Left panels: continuum subtracted 2D spectra centered at Hα. Middle panels: best-fit models to the emission line with an exponential disc light profile. Right panels: best-fit models to the emission line with the light profile estimated from the algorithm from Scoville et al. (1983). The measurement of the velocity best-fit parameter within its uncertainties is given in the upper right corners. The images scale is: 1 pixel = 0.205″ in the spatial direction and 1 pixel = 0.6 Å in the spectral direction. 

            



        
      Appendix C:  [O II] doublet measurements
We provide our measurements of the ratio R[OII], the rest-frame EW, and the SFR derived from both SED-fitting and the [OII] EW. They are listed in Table E.2. 

          	[image: thumbnail]	Fig. C.1
              Intensity ratio of the [OII] doublet distribution of our galaxy sample at z ≃ 0.9. The vertical dotted line lies at the median value of the distribution. 

            



        The value of R[OII] was computed during our modeling of the galaxy kinematics (see Sect. 3.2), and is defined as the flux ratio between the line at longer wavelength (λ = 3729 Å) and the one at shorter wavelength (λ = 3726 Å). Figure C.1 shows R[OII] distribution for our sample at 0.75 <z< 1.2. It is consistent with the range of values computed by Osterbrock (1989), from R[OII] = 0.35 in the limit of high electronic density (Ne → ∞) to R[OII] = 1.5 in the limit of low electronic density (Ne → 0) for temperatures typical of star-forming regions (T ~ 104K). 

          	[image: thumbnail]	Fig. C.2
              Intensity ratio of the [OII] doublet versus velocity dispersion (top), stellar mass (middle) and SFRSED (bottom). The blue diamonds and the red circles show the rotation- and dispersion-dominated galaxies, respectively. 

            



        Figure C.2 present R[OII] versus the velocity dispersion (top panel), the stellar mass (middle panel) and the SFRSED (bottom panel). We find that the electronic density (probed by R[OII]) for those star-forming disc galaxies does not depend on the velocity dispersion (both for dispersion- and rotation-dominated galaxies), nor on the stellar mass or the star formation rate. We note that the spread of the electronic density values appears larger in massive galaxies (M∗> 1010M⊙). 

          	[image: thumbnail]	Fig. C.3
              [OII] equivalent width versus log SFR computed from [OII] emission line and uncorrected for interstellar extinction. 

            



        The EW([OII]) is computed by defining two “continuum” bandpasses, slightly blueward and redward of the [OII] doublet, which are used to estimate the stellar continuum across the spectral feature. An additional “feature” bandpass is defined to include the spectral line. The stellar continuum is computed as the median value over the two continuum bandpasses. The bandpasses were chosen by eye for each galaxy spectrum to avoid possible contaminating features near the spectral lines of interest. The EW is defined as [image: equation](C.1)where Fi is the flux in the ith spectral pixel in the feature bandpass, Ci is the continuum flux in the ith spectral pixel over the same bandpass, and Δλi is the pixel scale of the spectrum (Å/pixel). Errors in the EW were derived using the Poisson errors on the spectral feature. Given this definition of EW, the convention adopted in this work is for negative EWs to correspond to spectral lines observed in emission. 

          	[image: thumbnail]	Fig. C.4
              Comparison of SFR computed from SED fitting process and [OII] emission line corrected for internal extinction in logarithmic units. The red dashed line represents the 1:1 relation. 

            



        The SFRSED is computed making use of the Le Phare software (Arnouts et al. 2002; Ilbert et al. 2006) following the same recipes applied to compute the stellar masses (Sect. 2.4). The SFR[OII] is computed using the equation (5) from Lemaux et al. (2014) based on SFR formula of Kewley et al. (2004) and adapted to substitute the [OII] flux with the measurement of EW([OII]). The choice of using EW([OII]) instead of [OII] flux was motivated by the lack of the absolute flux calibration for our spectroscopic observations (see Sect. 2.3). We show the relation between the computed SFR[OII] uncorrected for the internal extinction and the EW([OII] in Fig. C.3. The correction for the internal extinction was applied using a prescription proposed by Wuyts et al. (2013), based on the stellar continuum reddening from the SED fitting, modified to take into account an extra extinction expected from the HII regions. 
In Fig. C.4, we show the comparison between the SFR[OII] and SFRSED. Our two SFR estimations are in a very good agreement. 

      Appendix D:  Scatter around the smTF relation
Physical scatter around the smTF relation can be due to variations in the stellar mass fraction (stellar-to-total mass ratio), or differences in how the observed rotation velocity relates to the total mass (Kannappan et al. 2002), or a combination of the two. We decided, therefore, to geometrically compute the scatter around the smTF relation as the shortest distance dw of the data from the relation weighted by the uncertainties, since dw carries information on the physical scatter coming from both the stellar mass and the rotation velocity. We used this approach in our investigation of the dependence of the smTF relation with the environment (Sect. 4.4). In Fig. D.1 we show the distances computed from our smTF relation, color coded according to our environment definition (purple squares for higher density and pink diamonds for lower density environment). In the upper left corner of the plot we show a scheme of the geometry used to compute the scatter. Following the trigonometry, we defined the distance d between the data point P(x,y) and the point Pfit(xfit,yfit) on the relation as [image: equation](D.1)where θ is the angle between the relation and the positive direction of the x-axis, and is expressed as θ = arctan(slope), and r1 (or r2) is the distance between the x value (or the y value) of the data points and the relation at fixed value of y (or x). We chose to define d as in Eq. (D.1), so that we can include the uncertainties from both the x and y variables in the error budget. Therefore the scatter error is expressed as [image: equation](D.2)We then computed the weighted dw as [image: equation](D.3)In Sect. 4.2, we did not use this approach to compute the intrinsic scatter σintr of the rotation-dominated galaxy sample around the smTR relation to ease the comparison of our results with previous works. In the study of possible dependencies of the smTF relation with the environment, instead, we made a comparison internal to our sample between scatters for galaxies in two different environments, and the distance dw was a more appropriate quantity for this purpose. 

          	[image: thumbnail]	Fig. D.1
              Distances dw of the data points from the smTF relation. Pink diamonds and purple squares with relative lines refer to galaxies in lower and higher density environment, respectively. The embedded plot in the upper left corner show a simplified scheme of the geometry used to compute dw (see text Appendix D). 
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All Figures
	[image: thumbnail]	Fig. 1
              Redshift distribution of the 766 star-forming galaxies part of our HR-COSMOS survey. The gray filled histogram shows the overall sample and the hashed blue and red histograms represent the sub-samples selected with known spectroscopic redshifts and photometric redshifts, respectively. 

            In the text



	[image: thumbnail]	Fig. 2
              Top panels: stellar mass (left) and IAB selection magnitude (right) distributions of the 119 galaxies in our sample at 0.75 <z< 1.2 (green histograms). We show for comparison the distributions of the parent samples in the same redshift range (COSMOS in gray and zCOSMOS-bright in blue) and in black the distribution of 82 galaxies in our kinematic sub-sample (see Sect. 4.1). The photometric redshift range for the COSMOS sample takes into account the precision of the measurements (see text Sect. 2.4). The arrows in the left panel show the median of each distribution. The histograms are re-normalized for a better visual comparison of their spreads and peaks, therefore their normalization does not reflect the actual scale. Bottom left panel: rest-frame MNUV−Mr versus Mr−MJ color–color diagram. Colors are the same as in the top panels. The contours show the distribution of the COSMOS parent sample with relative number of galaxies equal to 50%, 25%, 13%, 6%, 3%, 1.5% of the maximum of the distribution. The back solid line divides quiescent galaxies (above the line) from star-forming galaxies (below the line) and is determined following the technique adopted by Ilbert et al. (2013). Bottom right panel: relationship between SED-derived star formation rate (SFR) and stellar mass. Green diamonds and black points represent the galaxies at 0.75 <z< 1.2 in our full sample and in our kinematic sub-sample, respectively. The dark-orange contours and the plum open squares show the distribution for the star-forming galaxies (as defined by Laigle et al. 2016) in COSMOS and zCOSMOS-bright samples, respectively. The contours represent the relative number of galaxies at the 50%, 25%, 13%, 6%, 3%, 1.5% of the maximum of the distribution. The solid and dotted lines represent the correlation, with the uncertainties, between the SFR and stellar mass of blue star-forming galaxies at 0.8 <z< 1.2 by Elbaz et al. (2007). The magenta circles show the AGNs. 
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	[image: thumbnail]	Fig. 3
              Example of the output from the model-fitting process and the vision inspections to test the quality of the fit. Left panels: from top to bottom: continuum-subtracted 2D spectrum centered at [OII], best-fit kinematic model to the line emission, and residual image between the 2D spectrum and the best-fit model on the same intensity scale as the 2D spectrum. The vertical and horizontal axes are the spatial position and wavelength, respectively. In the first two panels, the black dot-dashed lines indicate the best-fit parameter rcen. In the top panel, the blue and red dotted lines denote the positions from where the plots in the middle panels are extracted. The 2D spectrum from the VIMOS mask has been rotated to have always the North direction in the top. For this reason the wavelength direction is opposite to the conventional representation with values increasing (getting redder) towards left. The technique of tracing the emission line as a function of the position (see text Sect. 3.2) is also shown in the top and middle pannels. Fuchsia circles show the central wavelength of the emission line at each position, and the green triangles show the centroids of the best-fit model. Middle panels: examples of the double Gaussian fit to measure the centroids of the emission line at two most external galaxy radii. Right panel: high-resolution rotation curve models (green line: exponential disc; red line: flat model; blue line: arctangent function), not corrected for the inclination, compared to the observed rotation curve (black circles). The errorbars on the y-axis direction represent the uncertainties of the fit to the line at each position to recover the centroid; the bars on the position direction indicate the bin size. The vertical dotted line indicates the galaxy rotation center, the horizontal dotted line indicates the systemic velocity, and the two vertical dashed lines indicates the position of the radius R2.2 at which the velocity is measured to derive the scaling relations (Sect. 4.1). 
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	[image: thumbnail]	Fig. 4
              Examples of galaxies from our sample. For each galaxy we show the F814W HST/ACS postage stamp with superimposed the 1″ width slit tilted to follow the galaxy major axis, the continuum-subtracted 2D spectrum, the best-fit kinematic model to the line emission and the residuals between the 2D spectrum and the best-fit model, on the same intensity scale as the 2D spectrum. In the spectra, the vertical and horizontal axes are the spatial position and wavelength, respectively. We show, both for the postage stamp and for the spectrum, the 1″ scale. The first three galaxies are classified as rotation-dominated, whereas the other two galaxies are dispersion-dominated.
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	[image: thumbnail]	Fig. 5
              F814W HST/ACS postage stamps of our sub-sample of dispersion-dominated galaxies, with superimposed the 1″ width slit tilted to follow the galaxy major axis. 
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	[image: thumbnail]	Fig. 6
              Rotation velocity V2.2 as a function of the velocity dispersion σ. The points are color–coded according their stellar mass. Blue and red circles around the points identify rotation- and dispersion-dominated galaxies, respectively. 
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	[image: thumbnail]	Fig. 7
              SmTF relation constrained for our sample of rotation-dominated galaxies (black circles). The gray points are the dispersion-dominated galaxies. The magenta stars show the AGNs. Our fit is represented with a solid red line. The dotted red lines show the intrinsic scatter σintr. We plot as references the relations at z = 0 (Pizagno et al. 2005) with a short-dashed black line, z ~ 0.6 (Puech et al. 2008) with a dot-dashed green line and z = 0.8–1.25 (Miller et al. 2011) with a long-dashed blue line. 
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	[image: thumbnail]	Fig. 8
              Left panel: comparison between dynamical (y-axis) and stellar (x-axis) masses in logarithmic units. Blue diamonds and red circles represent the rotation- and dispersion-dominated galaxies, respectively. The magenta stars show the AGNs. The dashed line represents the relation 1:1. Right panel: rotation versus dispersion contributions to the Mdyn. Blue diamonds and red circles are the rotation- and dispersion-dominated galaxies, respectively. The magenta stars show the AGNs. The dashed line represents the relation 1:1. 
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	[image: thumbnail]	Fig. 9
              Local density distributions. The gray histogram represents the distribution of log 10(Σvor/ Mpc2) for the parent galaxy sample from Scoville et al. (2013) at 0.75 <z< 1.2. The purple histogram shows the density distribution of our sample. Both histograms are re-normalized for a better visual comparison of their spreads and peaks, therefore their normalization does not reflect the actual scale. The vertical line splits in half the parent local density distribution, to define the low- (to the left) and the high- (to the right) density environments. The plot embedded shows the comparison of the two cumulative distributions of both samples with the resulting value from the K-S test. 
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	[image: thumbnail]	Fig. 10
              Top panel: stellar mass M∗ versus rotation velocity V2.2 for our sample at 0.75 <z< 1.2 in different environments. The pink diamonds and the purple squares are for galaxies in lower and higher density environment, respectively. The gray circles are the galaxies for which we do not have density measurements. The green stars identify the AGNs. The black solid and dotted lines show our smTF relation with the intrinsic dispersion. Middle panel: distribution of the 1σ error weighted distance dw of the data points from the relation for the entire sample in gray solid histogram, and for the galaxies in low- and high-density environments in pink and purple hashed histograms, respectively. The value of the weighted scatter around the relation for the whole sample and the two sub-samples is also shown. Bottom panel: cumulative distribution of dw for low (pink) and high (purple) density environment and the result of the K-S test.
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	[image: thumbnail]	Fig. A.1
              Example of the visual check of the correctness of the inclination adopted in our kinematic analysis, by placing ellipses (in red) with the axial ratio b/a from the Zurich Structure and Morphology Catalog on HST/ACS F814W galaxy images. The contours begin at 1σ and continue with 2σ step.
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	[image: thumbnail]	Fig. A.2
              Example of the ellipse that overlaps the HST/ACS image with b/a as measured in the Zurich Structure and Morphology Catalog (black dashed ellipse) and as it appears using the lower (red solid ellipse) and upper (blue solid ellipse) value of b/a measured in Eq. (A.1). 
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	[image: thumbnail]	Fig. B.1
              Comparison between two modeling techniques for three cases with the Hα emission line observed at z = 0.0726, z = 0.2494 and z = 0.1125. Left panels: continuum subtracted 2D spectra centered at Hα. Middle panels: best-fit models to the emission line with an exponential disc light profile. Right panels: best-fit models to the emission line with the light profile estimated from the algorithm from Scoville et al. (1983). The measurement of the velocity best-fit parameter within its uncertainties is given in the upper right corners. The images scale is: 1 pixel = 0.205″ in the spatial direction and 1 pixel = 0.6 Å in the spectral direction. 
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	[image: thumbnail]	Fig. C.1
              Intensity ratio of the [OII] doublet distribution of our galaxy sample at z ≃ 0.9. The vertical dotted line lies at the median value of the distribution. 
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	[image: thumbnail]	Fig. C.2
              Intensity ratio of the [OII] doublet versus velocity dispersion (top), stellar mass (middle) and SFRSED (bottom). The blue diamonds and the red circles show the rotation- and dispersion-dominated galaxies, respectively. 
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	[image: thumbnail]	Fig. C.3
              [OII] equivalent width versus log SFR computed from [OII] emission line and uncorrected for interstellar extinction. 
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	[image: thumbnail]	Fig. C.4
              Comparison of SFR computed from SED fitting process and [OII] emission line corrected for internal extinction in logarithmic units. The red dashed line represents the 1:1 relation. 

            In the text



	[image: thumbnail]	Fig. D.1
              Distances dw of the data points from the smTF relation. Pink diamonds and purple squares with relative lines refer to galaxies in lower and higher density environment, respectively. The embedded plot in the upper left corner show a simplified scheme of the geometry used to compute dw (see text Appendix D). 
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                	h:m:s
                	arcsec
                	
                	
              

              
                	(1)
                	(2)
                	(3)
                	(4)
                	(5)
                	(6)
                	(7)
              

              
                	
                  

                
              

              
                	P01
                	10:00:14.400
                	02:15:00.000
                	1:40:45
                	0.796
                	Dec. 2009, Jan. 2010
                	P84 
              

              
                	P02
                	10:01:26.400
                	02:15:00.000
                	1:40:45
                	0.893
                	Mar. 2010
                	P84 
              

              
                	P03
                	09:59:02.400
                	02:15:00.000
                	1:40:45
                	0.886
                	Apr. 2009, Dec. 2009
                	P83, P84 
              

              
                	P04
                	10:01:00.000
                	02:30:00.000
                	1:55:20
                	0.732
                	Mar. 2010, Apr. 2010
                	P84, P85 
              

              
                	P05
                	09:59:45.600
                	02:30:00.000
                	1:40:45
                	0.786
                	Feb. 2010, Mar. 2010
                	P84 
              

              
                	P06
                	10:01:00.000
                	02:00:00.000
                	1:40:45
                	0.829
                	Jan. 2010
                	P84 
              

              
                	P07
                	09:59:45.600
                	02:00:00.000
                	1:40:45
                	0.739
                	Jan. 2010, Feb. 2010
                	P84 
              

            


              Notes. Run ID: 083.A-0935(B). (1) Observation pointings; (2) and (3) central coordinates; (4) exposure time; (5) mean seeing over the four quadrants, computed as the FWHM from the spatial profile of the collapsed star spectra present in each quadrant (see text Sect. 2.3); (6) observation dates; (7) ESO Period.

            


  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
              Redshift distribution of the 766 star-forming galaxies part of our HR-COSMOS survey. The gray filled histogram shows the overall sample and the hashed blue and red histograms represent the sub-samples selected with known spectroscopic redshifts and photometric redshifts, respectively. 

            

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
              Top panels: stellar mass (left) and IAB selection magnitude (right) distributions of the 119 galaxies in our sample at 0.75 <z< 1.2 (green histograms). We show for comparison the distributions of the parent samples in the same redshift range (COSMOS in gray and zCOSMOS-bright in blue) and in black the distribution of 82 galaxies in our kinematic sub-sample (see Sect. 4.1). The photometric redshift range for the COSMOS sample takes into account the precision of the measurements (see text Sect. 2.4). The arrows in the left panel show the median of each distribution. The histograms are re-normalized for a better visual comparison of their spreads and peaks, therefore their normalization does not reflect the actual scale. Bottom left panel: rest-frame MNUV−Mr versus Mr−MJ color–color diagram. Colors are the same as in the top panels. The contours show the distribution of the COSMOS parent sample with relative number of galaxies equal to 50%, 25%, 13%, 6%, 3%, 1.5% of the maximum of the distribution. The back solid line divides quiescent galaxies (above the line) from star-forming galaxies (below the line) and is determined following the technique adopted by Ilbert et al. (2013). Bottom right panel: relationship between SED-derived star formation rate (SFR) and stellar mass. Green diamonds and black points represent the galaxies at 0.75 <z< 1.2 in our full sample and in our kinematic sub-sample, respectively. The dark-orange contours and the plum open squares show the distribution for the star-forming galaxies (as defined by Laigle et al. 2016) in COSMOS and zCOSMOS-bright samples, respectively. The contours represent the relative number of galaxies at the 50%, 25%, 13%, 6%, 3%, 1.5% of the maximum of the distribution. The solid and dotted lines represent the correlation, with the uncertainties, between the SFR and stellar mass of blue star-forming galaxies at 0.8 <z< 1.2 by Elbaz et al. (2007). The magenta circles show the AGNs. 

            

    

  
    
      Fig. 3 
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              Example of the output from the model-fitting process and the vision inspections to test the quality of the fit. Left panels: from top to bottom: continuum-subtracted 2D spectrum centered at [OII], best-fit kinematic model to the line emission, and residual image between the 2D spectrum and the best-fit model on the same intensity scale as the 2D spectrum. The vertical and horizontal axes are the spatial position and wavelength, respectively. In the first two panels, the black dot-dashed lines indicate the best-fit parameter rcen. In the top panel, the blue and red dotted lines denote the positions from where the plots in the middle panels are extracted. The 2D spectrum from the VIMOS mask has been rotated to have always the North direction in the top. For this reason the wavelength direction is opposite to the conventional representation with values increasing (getting redder) towards left. The technique of tracing the emission line as a function of the position (see text Sect. 3.2) is also shown in the top and middle pannels. Fuchsia circles show the central wavelength of the emission line at each position, and the green triangles show the centroids of the best-fit model. Middle panels: examples of the double Gaussian fit to measure the centroids of the emission line at two most external galaxy radii. Right panel: high-resolution rotation curve models (green line: exponential disc; red line: flat model; blue line: arctangent function), not corrected for the inclination, compared to the observed rotation curve (black circles). The errorbars on the y-axis direction represent the uncertainties of the fit to the line at each position to recover the centroid; the bars on the position direction indicate the bin size. The vertical dotted line indicates the galaxy rotation center, the horizontal dotted line indicates the systemic velocity, and the two vertical dashed lines indicates the position of the radius R2.2 at which the velocity is measured to derive the scaling relations (Sect. 4.1). 

            

    

  
    
      Fig. 4 
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              Examples of galaxies from our sample. For each galaxy we show the F814W HST/ACS postage stamp with superimposed the 1″ width slit tilted to follow the galaxy major axis, the continuum-subtracted 2D spectrum, the best-fit kinematic model to the line emission and the residuals between the 2D spectrum and the best-fit model, on the same intensity scale as the 2D spectrum. In the spectra, the vertical and horizontal axes are the spatial position and wavelength, respectively. We show, both for the postage stamp and for the spectrum, the 1″ scale. The first three galaxies are classified as rotation-dominated, whereas the other two galaxies are dispersion-dominated.

            

    

  
    
      Fig. 5 
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              F814W HST/ACS postage stamps of our sub-sample of dispersion-dominated galaxies, with superimposed the 1″ width slit tilted to follow the galaxy major axis. 

            

    

  
    
      Fig. 6 
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              Rotation velocity V2.2 as a function of the velocity dispersion σ. The points are color–coded according their stellar mass. Blue and red circles around the points identify rotation- and dispersion-dominated galaxies, respectively. 

            

    

  
    
      Fig. 7 
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              SmTF relation constrained for our sample of rotation-dominated galaxies (black circles). The gray points are the dispersion-dominated galaxies. The magenta stars show the AGNs. Our fit is represented with a solid red line. The dotted red lines show the intrinsic scatter σintr. We plot as references the relations at z = 0 (Pizagno et al. 2005) with a short-dashed black line, z ~ 0.6 (Puech et al. 2008) with a dot-dashed green line and z = 0.8–1.25 (Miller et al. 2011) with a long-dashed blue line. 

            

    

  
    Table 2 

              Stellar mass Tully-Fisher parameters.

            
              
                	
                  
                    a
                  
                
                	
                  
                    b
                  
                
                	
                  
                    σ
                    intr, log V
                  i
                
                	rmslogVi
                	
                  
                    δ
                    med, log V
                  i
                
                	
                  
                    σ
                    intr, log M∗
                  ii
                
                	rmslogM∗ii
                	
                  
                    δ
                    med, log M∗
                  ii
                
              

              
                	
                  

                
              

              
                	3.683 ± 0.787 
                	2.154 ± 0.147
                	0.106
                	0.116
                	0.043
                	0.389
                	0.425
                	0.043
              

            


              Notes. Best-fit parameters of the smTF relation, expressed as log M∗ = a (log V2.2−log V2.2,0) + b, where log V2.2,0 = 2.0dex is the “pivot” value adopted to minimize the correlation between the errors on a and b. The forward parameters are obtained by inverting the best-fit parameters from the inverse fit. The slope of the relation is a and b is the y-intercept. σintr, rms and δmed are the intrinsic scatter, the total scatter and the median error, respectively, for both the velocity and stellar mass in logaritmic units. ;  

              (i)  dex in V2.2


              (ii)  dex in M∗.


            


  
    
      Fig. 8 
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              Left panel: comparison between dynamical (y-axis) and stellar (x-axis) masses in logarithmic units. Blue diamonds and red circles represent the rotation- and dispersion-dominated galaxies, respectively. The magenta stars show the AGNs. The dashed line represents the relation 1:1. Right panel: rotation versus dispersion contributions to the Mdyn. Blue diamonds and red circles are the rotation- and dispersion-dominated galaxies, respectively. The magenta stars show the AGNs. The dashed line represents the relation 1:1. 

            

    

  
    
      Fig. 9 
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              Local density distributions. The gray histogram represents the distribution of log 10(Σvor/ Mpc2) for the parent galaxy sample from Scoville et al. (2013) at 0.75 <z< 1.2. The purple histogram shows the density distribution of our sample. Both histograms are re-normalized for a better visual comparison of their spreads and peaks, therefore their normalization does not reflect the actual scale. The vertical line splits in half the parent local density distribution, to define the low- (to the left) and the high- (to the right) density environments. The plot embedded shows the comparison of the two cumulative distributions of both samples with the resulting value from the K-S test. 

            

    

  
    
      Fig. 10 
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              Top panel: stellar mass M∗ versus rotation velocity V2.2 for our sample at 0.75 <z< 1.2 in different environments. The pink diamonds and the purple squares are for galaxies in lower and higher density environment, respectively. The gray circles are the galaxies for which we do not have density measurements. The green stars identify the AGNs. The black solid and dotted lines show our smTF relation with the intrinsic dispersion. Middle panel: distribution of the 1σ error weighted distance dw of the data points from the relation for the entire sample in gray solid histogram, and for the galaxies in low- and high-density environments in pink and purple hashed histograms, respectively. The value of the weighted scatter around the relation for the whole sample and the two sub-samples is also shown. Bottom panel: cumulative distribution of dw for low (pink) and high (purple) density environment and the result of the K-S test.

            

    

  
    
      Fig. A.1 
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              Example of the visual check of the correctness of the inclination adopted in our kinematic analysis, by placing ellipses (in red) with the axial ratio b/a from the Zurich Structure and Morphology Catalog on HST/ACS F814W galaxy images. The contours begin at 1σ and continue with 2σ step.

            

    

  
    
      Fig. A.2 
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              Example of the ellipse that overlaps the HST/ACS image with b/a as measured in the Zurich Structure and Morphology Catalog (black dashed ellipse) and as it appears using the lower (red solid ellipse) and upper (blue solid ellipse) value of b/a measured in Eq. (A.1). 

            

    

  
    
      Fig. B.1 
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              Comparison between two modeling techniques for three cases with the Hα emission line observed at z = 0.0726, z = 0.2494 and z = 0.1125. Left panels: continuum subtracted 2D spectra centered at Hα. Middle panels: best-fit models to the emission line with an exponential disc light profile. Right panels: best-fit models to the emission line with the light profile estimated from the algorithm from Scoville et al. (1983). The measurement of the velocity best-fit parameter within its uncertainties is given in the upper right corners. The images scale is: 1 pixel = 0.205″ in the spatial direction and 1 pixel = 0.6 Å in the spectral direction. 

            

    

  
    
      Fig. C.1 
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              Intensity ratio of the [OII] doublet distribution of our galaxy sample at z ≃ 0.9. The vertical dotted line lies at the median value of the distribution. 

            

    

  
    
      Fig. C.2 
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              Intensity ratio of the [OII] doublet versus velocity dispersion (top), stellar mass (middle) and SFRSED (bottom). The blue diamonds and the red circles show the rotation- and dispersion-dominated galaxies, respectively. 

            

    

  
    
      Fig. C.3 
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              [OII] equivalent width versus log SFR computed from [OII] emission line and uncorrected for interstellar extinction. 

            

    

  
    
      Fig. C.4 
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              Comparison of SFR computed from SED fitting process and [OII] emission line corrected for internal extinction in logarithmic units. The red dashed line represents the 1:1 relation. 

            

    

  
    
      Fig. D.1 
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              Distances dw of the data points from the smTF relation. Pink diamonds and purple squares with relative lines refer to galaxies in lower and higher density environment, respectively. The embedded plot in the upper left corner show a simplified scheme of the geometry used to compute dw (see text Appendix D). 

            

    

  
    Table E.1 

              Galaxy parameters.

            
              
                	ID
                	RA
                	Dec
                	
                  z
                
                	PA
                	INCL
                	
                  
                    R
                    2.2
                  
                
                	
                  
                    V
                    2.2
                  
                
                	
                  
                    σ
                  
                
                	
                  
                    V2.2/σ
                  
                
                	log(M∗/M⊙)
                	log(Mdyn(R2.2)/M⊙)
              

              
                	
                	deg
                	deg
                	
                	deg
                	deg
                	kpc
                	km s-1
                	km s-1
                	
                	
                	
              

              
                	(1)
                	(2)
                	(3)
                	(4)
                	(5)
                	(6)
                	(7)
                	(8)
                	(9)
                	(10)
                	(11)
                	(12) 
              

              
                	
                  

                
              

              
                	824384
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              Notes. (1) Source HR-COSMOS identification number; (2) and (3) right ascension and declination J2000 coordinates; (4) HR-COSMOS spectroscopic redshift; (5) morphological galaxy position angle, defined as the angle measured counterclockwise (East of North) between the North direction in the sky and the galaxy major axis, from Zurich Structure and Morphology Catalog (Sargent et al. 2007); (6) inclination, defined as the angle between the line of sight and the normal to the plane of the galaxy (i = 0 for face-on galaxies), from the HST/ACS F814W images (Zurich Structure and Morphology Catalog, Sargent et al. 2007); (7) characteristic radius 2.2 times the galaxy disc scale length (Zurich Structure and Morphology Catalog, Scarlata et al. 2007); (8) rotation velocity measured from the kinematic models at R2.2; (9) velocity dispersion from the kinematic models; (10) ratio between V2.2 and the velocity dispersion σ; (11) log of the stellar mass computed as described in Sect. 2.4; (12) log of the dynamical mass.
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              Notes. (1) Source HR-COSMOS identification number; (2) [OII]λ3729 /[OII]λ3726 ratio; (3) [OII] rest-frame equivalent width; (4) color excess of the stellar continuum coming from the SED fitting process; (5) log(SFR) derived from the SED fitting process (Sect. 2.4); (6) log(SFR) derived from the [OII] EW corrected for internal extinction (Sect. C).
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