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ABSTRACT

Massive starburst galaxiesin the early Universe are estimated to have depletion times of ~ 100 Myr and thus be able to convert their gas
very quickly into stars, possibly leading to a rapid quenching of their star formation. For these reasons they are considered progenitors
of massive early-type galaxies (ETGs). In this paper, we study two high-z starbursts, AzZTEC/C159 (z = 4.57) and J1000+0234
(z = 4.54), observed with ALMA in the [CII] 158-um emission line. These observations reveal two massive and regularly rotating
gaseous discs. A 3D modelling of these discs returns rotation velocities of about 500 kms™' and gas velocity dispersions as low
as =~ 20kms™!, at least in AzTEC/C159, leading to very high ratios between regular and random motion (V/o = 20). The mass
decompositions of the rotation curves show that both galaxies are highly baryon-dominated with gas masses of ~ 10" M_. which,
for J1000+0234, is significantly higher than previous estimates. We show that these high-z galaxies overlap with z = 0 massive
ETGs in the ETG-analogue of the Tully-Fisher relation once their gas is converted into stars. This provides a dynamical evidence
of the connection between massive high-z starbursts and ETGs, although the transformation mechanism from fast-rotating to nearly
pressure-supported systems remains unclear.
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Table 1. Physical properties of AzZTEC/C159

Table 2. Physical properties of J1000+0234

Property Value Ref Property Value Refl
Kinematic centre (R.A.) 9" 59™ 30.40° + 0.03° l Kinematic centre (R.A.) 10" 0™ 54.48° + 0.03° 1
Kinematic centre (Dec.) +1%5527.57" +0.05"” 1 kinematic centre (Dec.) +2° 34" 36.12” + 0.05” 1
Z 4.5668 +0.0002 1 Z 4.5391 + 0.0004 1
Stellar mass (M.,) 4.5+0.4 x 10" M, 2 Stellar mass (M,) (1.4-8.6)x10"M, 2,3
Star form. rate (SFR) 7401310 My yr~! 3 Star form. rate (SFR) 440+1200 M, yr~! 2
Mol. gas mass (My,) 1.5+ 0.3 x 10" M, 3 Mol. gas mass (My,) (26-10)x10%M,; 4.1
Disc inclination (1) 40+ 10° | Disc inclination (1) 75 + 10° 1
Disc position angle (PA) 170 + 10° | Disc position angle (PA) 145 + 5° 1
[CII] 158-pum flux 4.6Jy km g1 | [CII] 158-pm flux 5.9Jykm g~ ! 1
Rotation velocity (veo) 506*32! km s~} 1 Rotation velocity (vro) 538 + 40km s~ 1
Velocity dispersion (¢gys) 16 + 13kms™ 1 Velocity dispersion (g ) < 60kms™' 1
Conversion "/ kpc 6.70 Conversion “/kpe 6.72

References. (1) This work; (2) Gomez-Guijarro et al. (2018); (3)
Jiménez-Andrade et al. (2018).

References. (1) This work; (2) Gémez-Guijarro et al. (2018); (3)
Smolié¢ et al. (2015); (4) Schinnerer et al. (2008).
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Fig. 3. Left panel: Rotation velocity of the two rings/annuli in which
we decomposed the disc of AZTEC/C159. The orange and green curves
show the contribution of, respectively, stars and gas modelled as expo-
nential discs, the grey dashed curve shows that of a dark matter halo
modelled as a NFW profile and the black curve is the sum of all compo-
nents. Right panel: Gas velocity dispersion in the two annuli obtained
using the low spectral resolution datacube (see Section 3.5 for the high
resolution values).



[Tone ckopocTen B [ClI] ans
J1000+0234

2°34'38.0" @

37.0"

Dec

36.0"

35.0"

HST

-0.5 0 0.5
Offset (arcsec)

fciimap_

Velocity field

!qudel fie!d

400

- 200

-
.

-0.5 0 0.5
Offset (arcsec)

o
Velocity (km/s)

—-200

—400



Ee kKpuBasa BpalleHna n aucnepcud
CKOpPOCTEN rasa

J1000+0234
— (5E5 Total
600 Dark matter # Measured velocities

T Stars
Y 500 —
£ i
2 400 £ 801 +
E —
2 S sol

=]
g 300 B
=
2 200Hf % aor
g 2
£ 100 E‘ a0l

2

1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I
Hﬂ 05 10 15 20 25 3.0 35 4.0 Eﬂ 05 10 15 20 25 3.0 35 40
Radius (kpc) Radius (kpc)

Fig. 6. Left panel: Rotation velocities measured in J1000+0234 (red
points) compared to the contributions of different matter components.
This comparison is illustrative and not fitted to the data points. Orange
lines and shade: contribution of the stellar component given the two
estimates of stellar mass present in the literature. Green solid curve:
contribution of the gas disc, assumed exponential and derived from the
[CII] 158-um distribution. Grey dashed curve: contribution of a dark
matter halo given by an NFW profile with a mass of M,y = 2x 10" M,
Black lines and shade: total contribution of all components. Right panel:
[C II] velocity dispersion in J1000+0234.
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Fig. 7. Left panel: Position-velocity diagram along the kinematic major axis of AzTEC/C159 (see Fig. 1) obtained using the high spectral
resolution datacube (Table 3). The [C II] 158-um emission in the data is in green shade and contours, while the *"BaroLo model is in red contours.
Contour levels are at —2, 2. 4 and 8 times the r.m.s. noise per channel. Centre panel: Position-velocity diagram along the kinematic minor axis
displayed analogously to the major-axis plot. Right panel: [C II] velocity dispersion obtained from the high spectral resolution datacube.
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Fig. 9. Tully-Fisher (analogue) relation for ETGs at 7 = 0 from Davis
et al. (2016) compared with the positions of our starburst galaxies at
z = 4.5. In the local ETGs the rotational speed i1s derived from the
inner CO discs, while in our galaxies is obtained from the [CII] line.
The empty symbols show the positions of our galaxies based on the
observed stellar mass, while the filled symbols shows their positions
assuming that all the observed gas mass is converted into stars.
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ABSTRACT

We investigate the stellar populations of passive spiral galaxies as a function of mass and environ-
ment, using integral field spectroscopy data from the Sydney-AAQO Multi-object Integral field spec-
trograph Galaxy Survey. Our sample consists of 52 cluster passive spirals and 18 group/field passive
spirals, as well as a set of SOs used as a control sample. The age and [Z/H]| estimated by measuring
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SAMI was mounted on the 3.9m Anglo-Australian
Telescope (Croom et al. 2012). The instrument is char-
acterized by 13 fused optical fibre bundles (hexabun-
dles), each one containing 61 fibres of 1.6" diameter re-
sulting in each Integral Field Unit (IFU) having a 15"
diameter (Bland-Hawthorn et al. 2011; Bryant et al.
2014). The SAMI fibres are fed into the two arms of
the AAOmega spectrograph (Sharp et al. 2006). The
SAMI Galaxy Survey uses the 580V grating in the blue
arm resulting in a resolution R=1812 and wavelength
coverage of 3700-5700 A, and the 1000R grating in the
red arm resulting in the higher resolution R=4263 over
the range 6300-7400 A. The median full-width-at-half-
maximum values for each arm are FWHM;;,,.=2.65 A
and FWHM,..4=1.61 A (van de Sande et al. 2017a).

The SAMI Galaxy Survey is a spatially-resolved
spectroscopic survey of more than 3000 galaxies col-
lected during 2013-2018, with stellar mass range
log (M, /Mg) = 8 — 12 and redshift range 0.004 < z <
0.115 (Bryvant et al. 2015). The data are reduced using
the SAMI PYTHON package (Allen et al. 2014) which in-
cludes the 2dFDR package (AAQO Software Team 2015).
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Fra. 1.— The DECam L{g,u. v Survey (Ll"li.(j al.S) images of the passive spiral galaxies in the SAMI-cluster (top row) and the SAMI-GAMA
samples (bottom row). The image size is 100" x 100", The 1D of the SAMI galaxies is shown in the top corner of each galaxy.

J2 B CRonmneHnax, 18 B none



Xapaktepuctukm (Bmecte ¢ S0)

O PSp

240_

20

log M, (M)
[ | | | | |
150 |
100 [
= i
50 [
o 0 | | .

006 008 010 012 014 0.6
z

Fra. 3.— The distributions of the stellar mass and redshift for



Takn pa, 3Be30000pa3oBaHns HET
HU B TE€X, HN B APYrux

R SEE N e
10 - ¥ T et
Hy il e o TR 3T 05

-12

log (sSFR/yr)

A4 |

" | % PSp

| |  Latetype
-16 | - - logisSFRyri = 07logh (M) 5.0 (Choi et al. 2014)

7 8 9 10 11 12
log M. (M)




Jlnkckne nHaekcsl: pe3yJibTaTt aj4d
[AJ1IdKTUK B CKOTJIEHUAX

PSp vs. SO in Cluster (R,)

0.71 (=0.65) D_E-LI::_- [+ a.uc; : i | I . PIKS. EJI.D;ZFE;B
10 i 0.53 (=0.30) * r 4 A 1L 0.015 ::::le:‘:lﬂr * ‘Iﬁ ] i
< | o || il
g, | IR, - o s
Il T W @
95 100 105 11.0 50 100 150 200 250 05 1.0
log M. (M) o (kms™) PDF
0.4 | 018 =0 1Its,1 - ms 008 ][ 00008 {mutlmj ' " msoos b .|::qu 9028 =l

018 (+0.08) 0.10 D.0D09 {£0,0004) 0.11
o2}
00

[Z/H]

-0.2
-0.4

95 100 105 11.0 50 100 150 200 250 05 1.0
log M. (M,,) o (kms™) PDF

T T T T T T T T LA B R
0.6 | 019 (=0.15) ms 0.08 ][ 0.0015 {+0.0010) ms 005 L Pye 0.0001_]
. 012 (£0.08) i 0.08 00074 (£0.0003) [ERUF F
= 04} 1B .
_‘Ll_‘_‘_ C ]
g —
e

02

| L g T ! T
: % ] | 1 ]
0.0 s el R )

1 L L 1 PR S
9.5 10.0 10.5 11.0 50 100 150 200 230 0.5 1.0
log M. (M) akms™ PDF
Fic. 6. Age (top), [Z2/H] (middle), and [o/Fe] (bottom) as a function of stellar mass and o, within B for the clhuster sample, compared

bBetween the eluster passive spirals (stars) and the 30s (colorseale). Solid lines are linear-fits by weighted errors using the MPFIT function
(Markwardt 2009} in IDL library, The slope of the fit is preseoated in the top left corner of the panels, For passive spirals and 50s more




Jlnkckne nHaekcsl: pe3yJibTaTt aj4d
raJ1akKTuK B MOJIE

PSp vs. SO in Field/group (R,)

T T T T T T L e e
.34 (=07 A +0. P, |
o | o7 G0 % 1F oot txock) B2 =
— i Ed + |1 ** |
- | I — | L
g
& 5t
=<
ﬁ ggp 1 Il 1 (a) 1 Il 1 1 |{b:] : T T S T ' (?)
0.5 10.0 10.5 11.0 50 100 150 200 250 0.5 1.0
[Og M,. (Mo) g I{km 3—1) PDF
O g [ on dbumeiame gy me 46T, ooh
02 | | — -

e :

N 00Ff 1k 1
02}t ] =:| bl
0.4 b & 4k : ("

9.5 10.0 10.5 11.0 50 100 150 200 250 0.5 1.0
log M. (M) o (kms™) PDF
T T T T T T T T L L e L
06 F 0.03 (=0.20) rms 012 L 0.000F7 {+0.0017) ms 043 L Py 0.7182 ]
' 0.03 (=0.04) 011 D.000S {+0.0003) on -

T 04r | - {E=— ]

s it ) B | ——

= 02} ; = |

& Y |
00 ! i * L *1 #g:' it L & Il .l *1 bl |{h:l ] o R R (I.)-
9.5 10.0 10.5 11.0 50 100 150 200 250 0.5 1.0
[Og M. (MQ) g (km 5“1) PDF
Fic, 7. The same as Figure 6 but for the field /group passive spivals and St In histogram, the blue and green bing show passive spirals

and Sis, respectively.



A CpaBHUTbL?

Age (Gyr)
L N G O~ 0 WO O

| [#r Field/group PSp (R,)

A

% Cluster PSp (R}

o Field/group 50 (R, |

% |

4*¢++o _

9.

5 100 105 11.0
log M. (M)

Age (Gyr)
2 00 &H -1 O WO O

LA

5

Fia. 9.

0

okms)

Mean age, [Z/H], and [a/Fe| in each mass (top panels) and o, (bottom panels) bin for all subdivisions as shown in the Figures

100 150 200 250

[Z/H]

[Z/H]

0.2

0.1

0.0

-0.1

-0.2

0.2

0.1

0.0

-0.1

-0.2

gt

log M. (M)

95 100 105 11.0 115

50

100 150 200 250

okms)

[ct/Fe]

[e/Fe]

0.4

037}

02y

017

9.5

100 105 11.0 115
log M. (M)

0.4

037}

027

0.1

Rk

4

50

100 150 200 250
o(kms™)



3aBUCMMOCTb OT NOJIOXKEeHUda B
a30BOM MPOCTPAHCTBE CKOMMNEHUS

i 030 | ]

]
]

- 0.25 |

o))
T

0.20 |

(8]
T

mean age (Gyrs)
mean [a/Fe]

o
T
1

: 0.15 |

* Cluster PSp !

o
T
1

@ Field/group S0 X 0.10 i ]

1 ] 1 1 1 | [ 1 | 1 1 | |
2 1 2 3 4 B 6 1 2 3 4 9 6

Zones in phase space Zones in phase space

Frg. 12.— Mean age and [ /Fe| as a function of zone in projected phase-space presented by Figures 10 and 11. Stars are cluster passive
spirals. Field/group passive spirals are not presented due to the small sample size (four galaxies). Orange filled and green open circles are
cluster and field /group 50s, respectively. The error bar is the standard error of the mean. We connect to the symbols with dashed lines
when the galaxies of each zone is less than 5.




ArXiv: 2011.04873

The SAMI Galaxy Survey: bulge and disk stellar population properties in cluster galaxies

S. BarsanTi,»? M. 8. Owers, 2 R. M. McDerMID, "2 K. Bekkl1,* J. BLaNnpD-HawTHORN,* S. Brouch,”*
. J. BRyanT,*% 7 L. Cortese,”" S. M. Croom.*® C. FosTer,*® J. S. Lawrence,” A. R. Lorez-SAncuez, %% S. On,%?
A. S. G. Rosoraam,™" N. EJPDTT 16§ M. Sw EET," Y AND J. vaN DE SaNDE"®

! Department of Physics and Astronomy, Macquarie University, NSW 2109, Australia
2 Astronomy, Astrophysics and Astrophotonics Research Centre, Macquarie University, Sydney, NSW 2109, Australia
SICRAR, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia
48ydney Institute for Astronomy (SIfA), School of Physics, University of Sydney, NSW 2006, Australia
98chool of Physics, University of New South Wales, NSW 2052, Australia

5 ARC Centre of Ercellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D), Australia

7 Australian Astronomical Optics, AAO-USydney, School of Physics, University of Sydney, NSW 2006, Australia
B Australian Astronomical Optics - Macquarie, Macquarie University, NSW 2109, Australia

Y Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia

W Sehool of Mathematics and Physics, University of Queensland, Brisbane, QLD 4072, Australia

Submitted to ApJ. Accepted on November 9, 2020

ABSTRACT

We explore stellar population properties separately in the bulge and the disk of double-component
cluster galaxies to shed light on the formation of lenticular galaxies in dense environments. We study
eight low-redshift clusters from the Sydney-AAO Multi-object Integral field (SAMI) Galaxy Survey,
using 2D photometric bulge-disk decomposition in the g, r and i-bands to characterize galaxies. For 192
double-component galaxies with M, > 10 M, we estimate the color, age and metallicity of the bulge
and the disk. The analysis of the g— 17 colors reveals that bulges are redder than their surrounding disks
with a median offset of 0.12+0. 02 mag, consistent with previous results. To measure mass-weighted

dgc and metallicity we investigate three methods: (i) one based on galaxy stellar mass weights for the
e e e e gl fosy ¥ 7 ¥ 0w 7 4 07 fessy 72 T s ¥ & FE Y AL
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Toxe cnekTpbl N3 0b63opa SAMI — nona ob3opa
GAMA.

8 ckonneHnn, 906 ranakTuk <R,,,, KpacHble
cmeweHunsa 0:029 <z < 0:058.

dotomeTpua APMCCO0917, EDCC0442, A3880
and A4038 — n3 2dFGRS catalogue (De Propris
et al. 2002); A85, A168, A119 and A2399 u3
SDSS.

PasneneHune Ha banok n amck — 469 ranakTuk;
n3 Hmx 192 Habnroganmce SAMI (170 passive,
160 ObICTpblE poTaTopbl, 146
kKnaccndunumnpoBaHbl Kak S0...)
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Figure 1. Distributions in M., morphology, bulge-to-total flux ratio and bulge Sérsic index for the 192 SAMI double-component
galaxies. Stellar mass and morphology histograms are also plotted for the cluster galaxy sample of Barsanti et al. in preparation.
The dashed lines represent the median values, The medians at morphology=1=50, B/T=0.52 and nuuige = 3.48 show the
reliability of the model selection.
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Figure 7. 1D spectra of the whole galaxy (black), the bulge (red) and the disk (blue) for the 9091700038 galaxy (left panel)
and the 9001700076 galaxy (right panel), respectively.
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Figure 8. 1D bulge/disk spectra for the 9091700038 galaxy built with the method based on flux weights and fitted with pPXF.



[M/H] Bulge Flux weights

lag{age) Bulge Flux weights [Gyr]

o

o

MeToabl cpaBHMBATL — TOJ1IbKO
paccTpanBaTbCA...

06 0a 10 17
loglAge) Bulge M. weights [Gyr]

0.4 6.2 oo
[M/H] Bulge M. weights

aligreg

loglage) Disk  Flux weights [Gyr]

[M/H] Disk Flux weights

{re]
]

=
m

0.6 -

0.4-

=
a

=
=1

0z o4 o0& 08 10 172
log{Age) Disk M. weights [Gyr]

=4
o

04 62 00 02

—
-6

logiAge) Bulge Radial separation [Gyr]

[M/H] Disk M. weights

02

[ee]

=014

0.7

[M/H] Bulge Radial separation

& na 10 17
logiage) Bulge My weights [Gyr]

0.4 6.2 oo
[M/H] Bulge M. weights

0.2

logiage) Disk Radial separation [Gyr]

[M/H] Disk Radial separation

06 0s 10 12

log{Age) Disk M. weights [Gyr]

L

n& 06 -04 -2 00 02

[M/H] Disk M. weights

09




Pe3ynbTaThl: Oangxu KkpacHee
OVUCKOB

60 -  THFn— 1 Bulge
[ Disk
50
k|
= 40
m
ch
[r.
9 30
X |
£
3 20-
l.n_ —|—
s b —3 S B
0 : . . : : .
000 025 050 075 100 125 150 175
g—i

2.00
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Table 1. Differences in mass-weighted ages, metallicities and (g — ) colors between bulges and disks from the three methods.
Column 1 lists the method, column 2 the number of analyzed galaxies, columns 3/4/5/6/7/8 the percentages of galaxies with
bulges older /younger/more metal-rich/more metal-poor/redder/bluer than the disks. The last line lists the average values for

the three methods.

Method N, %(Age) B>D %(Age) B<D %[M/H|] B>D %[M/H| B<D %l(g9—1) B>D %(g—1) B<D
M. weights 192 45+4 5514 80+3 2043 7313 7+3
Flux weights 181 45+4 55+4 86+3 1443 7313 2743
Radial separation 54 437 STET 8145 1945 67+6 33+L6
Average 44+5 5645 82+4 18+4 7144 2944

Table 2. Significant differences in bulge /disk mass-weighted ages and metallicities for the three methods. Column 1 lists lists
the method, column 2 the number of analyzed galaxies, columns 3/4/5 the percentages of galaxies with bulges significantly
older/younger/equal than the disks, and columns 6/7/8 the percentages of galaxies with bulges significantly more metal-
rich/metal-poor fequal than the disks. The last line lists the average values for the three methods.

Method Ny %(Age) B>»D %(Age) B&€D %(Age) B~D %[M/H] B»D %[M/H] B«D %[M/H| B~D
M., weights 192 2643 363 38+L3 6613 1242 2243
Flux weights 181 1843 37+4 45+4 T0+3 612 2443
Radial separation 54 2616 306 4447 H0ET 212 4847
Average 2344 34+4 4345 6244 T+2 31+4
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Anderson—Darling test, we measure no significant differences,



