The SAMI Galaxy Survey: Gas velocity dispersions in low-z star-forming galaxies and

the drivers of turbulence
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[Mpobnema ¢ ancnepcmnen CKOpocTen MOHM30BAHHOTO rasa (CBepx3BykoBas TYpOYNeHTHOCTb):

z>1: 0=50-100 km/c

z~0: 0=20-50 kmM/c, HO 3TO BCE paBHO MHOIO

Tennosasa wupuHa H-anbdga npmn T=10000 K — 9 km/c, TypOyneHTHble ABMXeHMNA Ha 60nNbLUNX
CKOPOCTAX OUCCUNUPYIOT C TennoBbiMU ckopocTsamu (galaxy<100 Myr, GMS: 10 Myr)

=> eCTb NOCTOSHHAA noanuTKa 3TOon TYpOYNEeHTHOCTMW:

star-formation feedback processes (SNs, winds) MNpeackasanna supaa SFR-0
gravitational transport of gas onto or through the disc

dynamical drivers such as shear and differential rotations across the disc
interactions between galaxy components
+ BUpuarnbHble ABWXeHNA anga ruraHTckux obnacten HIl (qo6aBka oT MeHs)

Hy>XHO goctaTo4yHo Bbicokoe paspelwleHne (0=20 km/s - FWHM~ 1 A (Ha) — R>6000))
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SAMI: Sydney-AAO Multi-object Integral-f eld spectrograph

13 hexabundles (15 “ FOV: 61 fibers x 1.6 arcsec)
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Sample and analysis

SAMI DR2: 1523 galaxies DYnamics of Newly Assembled Massive
Objects (DYNAMO): 67 galaxies

« EW(Ha)>3A

*  Without AGN/LINER
e Withiut mergers star-forming galaxies, z<0.1, SFR: 1-100
. at2.3&3.9m

. SPIRAL IFU (R~12000, 22x11")

WIFES IFU (R~7000, 25x38")

inclination: 0-60 deg (avoid beam smearing)
> 300 spaxels with S/N>3 (Re>1")
=> 342 galaxies (z=0.05-0.08)

=> 41 galaxies with i<60

Blobby3D code (Varidel + 2019): spatial gas distribution + kinematics, broadening PSF, LSF

CpaBHeHune ¢ 3D BAROLO: (e.g. Oliva-Altamirano et al. 2018). BLoBBY3D was found to
infer the intrinsic velocity dispersion more accurately than
these alternative methods, particular for galaxies where fthe
PSF or velocity gradient were greatest.

Ho npuHanu, 4yto sigma nocTtosiHHa No paguycy, a kpmasi BpalwleHust — no Courteau(1997)

(1+r/r)fP

v(r) = vC“ PR sin(i) cos(f) + Vgys.
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assume spatially constant velocity dispersion components

2 - 2 2 :
and that o | = o7 p =~ 0, then the average LoS velocity
dispersion is given by,

a0 (km s™1)

Setting TE = E z,l"ﬂ"i , » and rearranging, then

Ty, LoS = ETp*zJSiﬂz fjl'r}"z + cosZi

The above model predicts changing o, 1,05 as a function of i

0 10 20 30 40 50 &0 70 80 90 100 . . e ..
if y # 1. For y > 1, 0, 1,05 increases with increasing i, whereas

-1
Uyvuncorrected (km s ) Oy Los decreases with i when y < 1.
Figure 3. oy p estimated using BLoBBY3D compared to the arith- N3 aHanusa pacn peﬂeﬂeHMﬁ:
metic mean of the single-component fits per spaxel (v yncorrected’
5 . _ D‘EHS - .

to each galaxy from the SAMI Galaxy Survey sample. Estimate: _We estimate y = _0'304__;]‘[}5 as EhF’WII n Fl.g‘LlrE 4, sug-
for the velocity dispersion are typically lower using BLoepy3D a; gesting that the vertical velocity dispersion is less than
it mitigates the effects of beam smearing. the averaged azimuthal and radial components. This anal-

PaHee, no 3se3gam gamma~0.6
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sigma(L OS) vs sigma(Z)
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Figure 6. The distribution of the LoS (o 1,45, blue) and vertical
(v, z, red) velocity dispersion for our sample of galaxies from the
SAMI Galaxy Survey. The estimated vertical velocity dispersion
is adjusted down with respect to o, 1,05 by a couple of km s~! in
accordance with the inclination correction described in Section

3.2.3.
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Pa3Huua He oYeHb Benuka, HO B
OarbHenwem crtapannch
ornepupoBaTb UMEHHO
BepTUKaribHOM gucnepcuen
CKOpOCTeU

N ewe:

SFR: GAMA survey (Davies +16):
from SED fitting 21 bands UV-FAR

DYNAMO: SFR from Halpha

HI: Aresibo 21 cm SAMI-HI +
ALFALFA => 95 galaxies overlap
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AMS is calculated as the log difference between the SFR
and the star-forming main sequence relation as proposed by
Renzini & Peng (2015). We find that the correlation between
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Sample z logio(M./Mz)  log(SFR / Mg yr 1) o (kms™T)

SAMI (this work) [0.005, 0.08] [7.5, 11] -3, 1] [10, 60]
SAMI (Johnson et al. 2018) < 0.1 [7.5, 11] -3, 1] [20, 90]
SAMI (Zhou et al. 2017) < 0.1 [9.8, 10.8] - [20, 90]
DYNAMO (this work) [0.06, 0.15] 9, 11] -1, 2] [10, 80]
DYNAMO (Green et al. 2014)  [0.06, 0.15] (9, 11] 1, 2] (10, 90]
CHASP (Epinat et al. 2008) ~ 0.01 _ [3, 1] (15, 30]
Moiseev et al. (2015) < 90 Mpe - [-3, 1] [15, 40]
Varidel et al. (2016) [0.01, 0.04] [10.5, 11] 1, 1.6] [20, 50]
MaNGA (Yu et al. 2019) [0.01, 0.15] [8.5, 11.5] 2, 1] [10, 130]

were of similar magnitude (see Table 1). As such, we con-

clude that our results are approximately consistent with the nOTOMy 4TOo C NPT paspelieHne rny4iie,
analyses of Moiseev et al. (2015) and Epinat et al. (2008) at ay MaNGa — XyXe, 4eM B SAMI... :)

low-z using ionised gas, albeit with different selection and
methodologies in inferring the intrinsic velocity dispersion.
The only exception in inferred velocity dispersions at low-z
using the ionised gas is the results of Yu et al. (2019) using
MaNGA data where we estimate systematically lower o.

bonee nonoraga koppenaumnsa Ha manbix SFR/sigma?
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CBepXHOBbIE:

of these studies. The momentum injection per mass of stars is
often assumed to be on the order of {p./m.) = 3000 km s~ 1.
Incorporating this momentum injection into theoretical mod-
els results in assuming that the rate of momentum injection is
proportional to the star-formation rate surface density, thus
P « {p,/m,) Igpr (e.g. Ostriker & Shetty 2011; Faucher-
Giguére et al. 2013; Krumholz et al. 2018). Therefore, we
expect the velocity dispersion to be positively correlated with
star-formation rate surface density, if star-formation feedback
processes 1s playing a role in driving turbulence in the ISM.

a function of the star-forming molecular gas fraction (f)
of the gas surface density (Lgas), that is then converted to
stars at a star-formation rate efficiency per free-fall time (eg).

Following Krumholz et al. (2018) this can be written as,

nwn rpasutaumus ?

5.2 Gravity driven turbulence

An alternative to star-formation feedback processes is driving
of turbulence due to gravitational mechanisms. In such mod-
els, the gravitational potential energy of the gas is converted
to kinetic energy, thus driving the turbulence in the ISM.

Bkntovasa akkpeuuio:

The above model i1s an instantaneous steady state solu-
tion, that is a function of the gas accretion rate and energy
loss at the time. As the gas accretion rate has decreased
over epochs, this model predicts lower gas turbulence in the
ISM of galaxies at low-z. In Section 4.3.2 we highlighted that
velocity dispersions were ~ 5 km s~! higher in the high-z

Eff
LsFR = — fstLgas.
Iy

5.3 Combining star-formation feedback and
gravity driven turbulence

Krumholz et al. (2018) recently pointed out that star-
formation feedback processes can be added as an extra source
of energy to the transport equation derived in Krumholz &
Burkert (2010). Similar to the previously mentioned models

Their full *Transport + Feedback’ model gives a SFR —
oy ; relation of the form,

; 2 dafss 2
SFH_ — m R-GQ fg,ch'ﬂ_Vaz

11{1 +8) 8etfo.0 forhout
Il ] 6
3fg_~1:" ¢' P Q t-'if:- T {:1 }

X Mmax
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As a further caveat to the above analysis, we note that
the theoretical models assume that we are observing the
star-forming molecular gas, rather than the ionised gas. The
full set of differences between the kinematics of the molecular

e * A
i .
E * 2
- °®
- UM' .
B L L L L 1 i L L
1wr? a2 ot 109 10t 102 0% 10?2 q1p! 109 10t 102

SFR (Mo yr1)

For example, there is evidence that ionised gas may have

systematically lower rotation and higher velocity dispersions

compared to the molecular

a1

gas

(Levy et al. 2018). However,
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OCHOBHbI€ BbIBOAbI paboThI:

« Xopouwagd koppenauns o ¢ SFR, A ewe nyywe -c 2_SFR
« ATtakke c M*, M_HI (ocobeHHO xopoLlo!) n CKOPOCTLIO BpaLLlEHNS

e ECTb elle He 04eHb BHATHbLIE KOppenaunn, ecnu ybuparts 3Be3gHy0 Maccy (4Yepes
T-F),
N C OTHOCUTENbHbLIM coaepXxaHnem rasa (obpatHele). Ho mogenn Krumholz + 2018
3aBA3aHbl Ha MNOTHOCTb ra3a B CPeANHHOW NSTOCKOCTU N ero rpaBmuTauuio, a Mol 06

9TOM N3 HaDSOOEHNN HE 3HAEeM => HYXHbl NPOCTPaAHCTBEHHO-PA3peLLEHHbIE
AaHHble HI, H 2

 Hennoxoe cornacue c u mogenoto Transport + Feedback', a cutyauns Ha
BornbLINX Z cBA3aHa C NepexoaoM K HabrnogeHnem ranaktmk ¢ 60nswmmm
CKOPOCTSIMW BpaLLEHUS 1 MacCOW MOJSIEKYNSPHOro rasa

Ot cebsa: Hanbonee nocnegoBaTenbHaa paboTa B 3TOM HanpaBfieHUU, HET
nytaHuubl ¢ gucnepcuen HI n HIl

[Toxoxe, 4To Ha manbix SFR feedback nrpaet 60nbLytO posib, HO CTPaHHO, YTO
MOJEeNn JatT O4eHb cnabbl pOCT O B 3TOM AuanasoHe.
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