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High-resolution CO and [CI] kinematics of star-forming galaxies at z = 0.5 - 3.5
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ID Name RA (deg)  Dec (deg) redshift  Field/Survey Notes

1 GOODS-S 15503 53.08205 -27.83995 0.561 GOODS-S -

2 COSMOS 2989680 15043186  2.80261 0.623 COSMOS Minor merger

3  COSMOS 1648673 14998144 225321 1.445 COSMOS AGN(?)

4 ALMA.O03 333.99393 -17.62988 1453 XCS Cluster member

5 ALMA.010 333.98853 -17.63149 1453 XCS Cluster member

6 ALMA.08 333.99266 -17.63950 1.456 XCS Cluster member

7 ALMA.O] 333.99233 -17.63737 1.466 XCS Cluster member

8 ALMA.06 333.99880 -17.63306  1.467 XCS Cluster member

9 ALMA.0I3 333.99909 -17.63797 1471 XCS Cluster member

10 SHIZELS-19 149.79817  2.39008 1.484 COSMOS -

11 SpARCS J0225-371 36.44191  -3.92436 1.599 SpARCS Cluster member

12 SpARCS J0224-159  36.11320  -3.40037 1.634 SpARCS Cluster member

13 COSMOS 3182 150.07594  2.21182 2.103 COSMOS Protocluster member

14 Q2343-BX610 356.53934 12.82202 2211  SINS/zC-SINF AGN(?)

15 GS30274 53.13114  -27.77319 2225 GOODS-S AGN

16 HXMMOI-a 35.06938  -6.02830 2.311 HerMES Group member

17 HXMMO1-b+c¢ 35.06907  -6.02904 2.308 HerMES Group member, merger
18  HATLAS JO84933-W  132.38994 224573 2.407 H-ATLAS AGN, protocluster member
19 CLJ1001-131077 150.23728  2.33813 2494 COSMOS Cluster member
20 CLJ1001-130949 150.23691  2.33579 2.504 COSMOS Cluster member
21 CLJ1001-130891 150.23986  2.33646 2513 COSMOS Cluster member
22 Gal3 150.33139  2.16239 2935 COSMOS -
23 ADF22.1 334.38507  0.29551 3.089 SSA2 AGN, protocluster member
24 ADF22.5 334.38416  0.29323 3.094 SSA2 Protocluster member

25 ADF22.7 33438120 0.29946 3.088 SSA2 AGN, protocluster member
26 Gals 149.87724  2.28388 3.339 COSMOS -

27 Gal4 150.27827  2.25887 3431 COSMOS -

28 WO0410-0913 62.54425  -9.21812 3.630 WISE AGN, protocluster member




HST images + ALMA [CI],CO
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Fig. 3. Distribution of the ALPAKA galaxies in the stellar mass (M, ) - SFR plane, divided in three redshift bins. The solid line in the three panels
show the empirical main-sequence relations from Schreiber et al. (2015) at z = 1.3, 2.2, 3, which are the average redshifts of ALPAKA targets in
the three bins. The dashed and dot-dashed lines show the 1o scatter and the line dividing the main-sequence and starburst galaxies, respectively
(Rodighiero et al. 201 1). We note that only the 25 ALPAKA targets with good estimates of both M, and SFR are shown.
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ALMA hints at the presence of turbulent disk galaxies at z > 5
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ABSTRACT

Context. High-redshift galaxies are expected to be more turbulent than local galaxies because of their smaller size and higher star
formation and thus stronger feedback from star formation, frequent mergers events, and gravitational instabilitics. However, this
scenario has recently been questioned by the observational evidence of a few galaxies at = ~ 4 - 5 with a gas velocity dispersion
similar to what is observed in the local population.

Aims. Our goal is to determine whether galaxies in the first billion years of the Universe have already formed a dynamically cold
rotating disk similar to the local counterparts.

Methods. We studied the gas kinematic of 22 main-sequence star-forming galaxies at 2 > 5 and determined their dynamical state by
estimating the ratio of the rotational velocity and of the gas velocity dispersion. We mined the ALMA public archive and exploited
the [C ] and [O ] observations to perform a Kinematic analysis of the cold and warm gas of £ > 5 main-sequence galaxies, We
compared our results with what was found in the local and distant Universe and investigated the evolution of the gas velocity dispersion
with redshift. We also compared the observations with theoretical expectations to assess the main driver of the gas turbulence at z > 5.
Results. The gas kinematics of the high-z galaxy population observed with ALMA is consistent within the errors with rotating but
turbulent disks. We indeed infer a velocity dispersion that is systematically higher by 4-5 times than the local galaxy population and
the 2 ~ 5 dust-obscured galaxies reported in the literature, The difference between our results and those reported at similar redshift
can be ascribed to the systematic difference in the galaxy properties in the two samples: the disks of massive dusty galaxies are
dynamically colder than the disks of dust-poor galaxies. The comparison with the theoretical predictions suggests that the main driver
of the velocity dispersion in high-redshift galaxies is the gravitational energy that is released by the transport of mass within the disk.
Finally, we stress that future deeper ALMA high-angular resolution observations are crucial to constrain the kinematic properties of
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CILMI1 [Cu) O32x029 NI 6153 0979 103203 1958 4k 464y
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Notes, (/) tarpet name: (2) observed line: (3) beam FWHM: (4) best-fitting method; (5) redshift of the FIR line: (6) scale radius of the exposcntial
disk: (7) disk inclnation in degroes: (&) position angle of the gakaxy: (9) logarithm of the dymamical mass in solar masses: (10} maximum
rotational velocity as computed for an exposential disk with the dynamical mass and the scale radbus obtained from the fting: (/7) best-fit
velocity dispersion: (/2) ratio of the maximum rotational velocity ad the velocity dispersion.

* best-fit results with the model exponential disk + stellar bulge.
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