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ABSTRACT

AGN outflows can remove large quantities of gas from their host galaxy spheroids,
potentially shutting off star formation. On the other hand, they can compress this
gas, potentially enhancing or triggering star formation, at least for short periods. We
present a set of idealised simulations of AGN outflows affecting turbulent gas spheres,
and investigate the effect of the outflow and the AGN radiation field upon gas frag-
mentation. We show that AGN outflows of sufficient luminosity shut off fragmentation
while the nucleus is active, but gas compression results in a burst of fragmentation af-
ter the AGN switches off. Self-shielding of gas against the AGN radiation field allows
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MOLECULAR GAS DOMINATED 50 KPC RAM PRESSURE STRIPPED TAIL
OF THE COMA GALAXY D100
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ABSTRACT

We have discovered large amounts of molecular gas, as traced by CO emission, in the ram pressure
stripped gas tail of the Coma cluster galaxy D100 (GMP 2910), out to large distances of about 50 kpc.
D100 has a 60 kpc long, strikingly narrow tail which is bright in X-rays and Ha. Our observations
with the IRAM 30m telescope reveal in total ~ 10° M of Hy (assuming the standard CO-to-Ho
conversion) in several regions along the tail, thus indicating that molecular gas may dominate its
mass. Along the tail we measure a smooth gradient in the radial velocity of the CO emission that is
offset to lower values from the more diffuse Her gas velocities. Such a dynamic separation of phases
may be due to their differential acceleration by ram pressure. D100 is likely being stripped at a high
orbital velocity = 2200 km s~! by (nearly) peak ram pressure. Combined effects of ICM viscosity and
magnetic fields may be important for the evolution of the stripped ISM. We propose D100 has reached
a continuous mode of stripping of dense gas remaining in its nuclear region. D100 is the second known



GMP2913

Fia. 1. Left: Chandra view of the central parts of the Coma cluster. Positions of two large elliptical galaxies NGC 4889 and NGC 4874
are shown with circles, together with the position of D100. The remarkable ~ 48 kpe long X-ray tail extending to the NE direction
from D100 is clearly visible. lmage credit: NASA/CXC/MPE/Sanders et al. (2013). Middle: HST view of D100's closest neighborhood:
projected to the SE is the S0 galaxy D99 (GMP2897) and to the S a weak galaxy GMP2913. The Subaru Ho tail is overlaid in red
(Yagi et al. 2010). Right: HST WFPC2 zoom on D100 showing prominent dust extinction filaments extending from the nucleus, as well
as two spiral arms and a central bar. The RGB image was created by combining a B (F450W filter, blue), an I (F814W filter, red) and a
merged B+ 1 (green) images. A FASOW image was already published by Caldwell et al. (1999).
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TABLE 1
PARAMETERS OF THE GALAXY D100 (GMP2910, PGC044716,
MREK00O60 NEDOL).

TABLE 2
LIST OF OBSERVED POSITIONS.

RA, Dec (J2000) 13R00™09°.14, +27°51/59" .2 R.A Dec. dp100 Ton
type SBab (.J2000) (J2000) (kpe)  (min)
o dehima T N T
f;“mft » Vhelio g e ks D100 13:00:09.14 +27:51:50.2 - 99
'Coma — 1l 5 g 1. : = o !
major diameter (B-band) 24" FI'1J' 4_3.[](!.!{]5?.88 +23"‘:"2'Q1'J‘ _"-"'2 J_‘]ﬁ
major-minor axis ratio 1.35 I'2 13:00:11.84  +27:52:19.4 19.4 112
PA, inclination 178.6°, ~ 43° TC2 13:00:12.77 +27:52:26.2 26.1 =3
total B ({) mag 16.09 = 0.09 (15.23 £ 0.08) T3 13:00:13.64 +27:52:32.4 32.3 127
stellar mass? 2.1 x 10° Mg TC3 13:00:14.53 +27:52:39.0 38.7 106
T4 13:00:15.45 +27:52:45.3 45.2 177

From Yagi et al. (2007) and corrected from observer’s to helio-

centric velocity frame.

PMEDIAN stellar mass in MPA-JHU SDSS catalog.
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Fia. 6. Velocity offset between denser, more compact CO and

He sources and more diffuse Hoo warm jonized gas along the D100
tail. Values derived from fitting Hoe and [N1I] spectral lines [1{ vised
from Yagi et al. 2007, converted to radio notation), and CO lines
(single fits from Table 3, converted from LSR to heliocentric frame).
Dashed lines show linear regression fits to both measurement sets
(at distances = 5 kpe). Filled cireles indicate compact (possibly

H 11) regions in the He tail, as measured by Ha surface brightness
(> 2.1x 10717 ergs™ ! em™? arcsec™2). To estimate Ha velocity
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Fra. 10. Comparison of inner parts of the tails of D100

(top; Subaru; Yagi et al. 2007) and ESO 137-001 (bottom: MUSE;
Fumagalli et al. 2014) as seen in Ho emission. The images are
scaled so that the optical diameters of both galaxies are roughly the
same (24" in D100 vs. 75" in ESO 137-001; marked with dashed
ellipses). The striking difference in morphology between the two
tails is clearly visible, mainly due to the presence of a broad com-
ponent in the tail of ESO 137-001. The displayed lengths of the
tails correspond to ~ 20 kpe (D100) and ~ 40 kpe (ESO 137-001).
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ABSTRACT

We derive two-dimensional dust attenuation maps at ~ 1 kpe resolution from the UV continuum
for 10 galaxies on the z ~ 2 Star-Forming Main Sequence (SFMS). Comparison with IR data
shows that 9 out of 10 galaxies have no further obscuration in addition to the UV-based correction.
The individual rest-frame V-band dust attenuation (Ay) radial profiles scatter around an average
profile that gently decreases from ~ 1.8 mag in the center down to ~ 0.6 mag at ~ 3 — 4 half-mass
radii. We use these Ay maps to correct UV- and Ha-based star-formation rates (SFRs), which
agree with each other. At masses <10 Mg, the specific SFR (sSFR) profiles are on average
radially constant at a mass-doubling timescale of ~ 300 Myr, pointing at a synchronous growth
of bulge and disk components in such galaxies. At masses = 101 Mg, the dust-corrected sSFR

profiles are typically centrally-suppressed by a factor of ~ 10 relative to the galaxy outskirts. With
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Table 1

Sample galaxies with He redshifts and main stellar population properties.

Source ZHa M, (U= V)rest Avsep Av,map BSFRsgp SFRyvim Indicator SFRyy  SFRyv map
] i M Ma Mg
[101 [‘»*lrEJJ [rrmg] I_H‘lE.Lg] [rrm.g] [U—?] [y—?] [y—;] [ i ]
ZC400569 2.241 23.3 1.29 1.4 1.5 241.0 239.3 UV+24pm 168.0 156.6
ZC400528 2.387 16.0 (.84 0.9 0.5 148.0 556.5 UV+100pmm 148.0 46.7
Q2343-BX610 2.211 15.5 0.93 0.8 1.2 60.0 == . 60.0 B5.5
D3A15504 2.383 15.0 0.71 1.0 1.0 150.2 145.6 UV+24pm 150.0 116.1
ZCA406690 2.195 5.9 .56 0.7 1.0 200.0 296.5 UV+24pm 337.0 201.2
ZC407302 2,182 2.98 0.50 1.3 0.6 340.0 358.17 UV+24pm 130.0 67.0
ZC412369 2.028 2.86 (.88 1.0 1.3 94.1 [R-undet . 130.0 140.2
(Q2346-BX482 2.257 2.5 0.77 0.8 1.1 T9.8 — = S0.0 95.8
Z2C405226 2.287 1.13 0.56 1.0 0.9 117.0 [R-undet — 87.0 a8.3
20405501 2.154 1.04 0.33 0.9 0.6 54.9 [R-undet = 65.0 28.1
Note. Listed are the Ha spectroscopic redshifts from the AQ SINFONI data (z11. ). the stellar masses (M, ; defined as the integral of the

SFR), the rest [rame {7 — V colors, the dust attenuation Av sgpp rom galaxy-integrated SED modelling, the dust attenuation Avw y.p [rom the
(FUV — NUV) color maps, the SFRs from SED (SFRgep). the UVHR SFRs (SFRuv4ir). the SFR indicator of the IR, SFR [from the integrated
UV photometry {(SFRyv ), and the SFR from the UV maps (SFRuv nap). For the SED modeling we use Bruzual & Charlot {2003) model and
assume a Chabrier (2003) IMF, solar metallieity, the Calzetti et al. (2000) reddening law, and either constant or exponentially deelining SFHs.
The uncertainties on the stellar properties are dominated by systematics rom the model assumption and are up to a lactor of ~ 2 — 3 lor M,
and ~ 3 or more for SFRs. Sources undetected with Spitzer/ MIPS and Herschel /PACS are indicated explicitly with ‘IR-undet’, to distinguish
them from objecls in fields without MIPS and PACS observations.
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Bbibopka ckonneHunn SAMI

Table 1. The properties of the eight galaxy clusters observed by SAMI. Nasem 18 the number of members within 1R2pp anc
+£3.5Vo /0. NETg is the number of early-type members with log M, /Mg > 10 (ETGs). Noss is the number of observed ETGs
N, is the number of observed ETGs for which the spin parameter could be measured. Compgrea s gives the fraction of ETG:
with spin parameter measurements. Ngps gives the number of SAMI Pilot Survey galaxies added to the analysis (Section 4.2.2)

Cluster R.A. Dec Zel Mago Raoo Nmem Nere Nows Ny Compgra,x Nsps
J2000 J2000 log(Mz) Mpe

EDCC0442 6.38068 -33.04657 0.0498  14.45 1.41 50 39 32 30 0.77 0
AbellO085 10460211  -9.303184 0.0549 15.19 2.42 167 133 62 55 0.41 12
Abell0119 14.06715 -1.25537  0.0442 14.92 2.02 253 132 61 52 0.39 0
Abell0168 18.815777 0.213486  0.0449 14.28 1.33 112 ol 21 21 0.41 7
Abell2399 329.389487 -7.794236 0.0579 14.66 1.63 92 68 50 46 0.68 3
Abell 3880 336.97705  -30.575371  0.0578 14.64 1.62 56 42 24 24 0.57 0
APMCCO0917  355.39788 -29.236351 0.0509 14.26 1.19 29 23 18 15 0.65 0
Abell4038 356.93781 -28.140661 0.0293  14.36 1.46 89 35 29 28 0.8 0
Total: - - - - - 848 523 207 271 0.52 22
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4.2. Spin parameter

Emsellem et al. (2007) defined the luminosity-
weighted, spin parameter (Ag):

=W r

= i FiRi|Vi]
n E'LI:NFR*\/W!
i=0 Ut i a0
in this analysis R; is the major axis of the ellipse in
which spaxel 7 is located and F; is the flux of the ‘"

spaxel in units of erg cm? 51 A= Ay is summed over

AR

(1)

all spaxels, N, that meet the stellar kinematics quality
cut described above within an ellipse of semi-major axis
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Figure 7. Fraction of slow rotators, Fsr. The left-hand panel shows Fsg as a function of environmental overdensity, d5 500, —18.3.
The solid line gives the observed data, while the dashed line indicates the results of testing the effect of higher SAMI observing
completeness at higher stellar masses.

Stellar mass completeness does not have a significant effect on the Fsgr—d5500,-18.3
relation. We observe an increasing fraction of slow rotators with increasing overdensity

y. The middle panel shows Fsp as a
function of stacked cluster-centric distance, Ry /Rzo0. The fraction of slow rotators increases with decreasing cluster-centric
radius. Interestingly there is a ‘bump’ at R, /Rao ~ 0.6 due to substructure in four of the clusters. The right-hand panel
shows Fsg as a function of stellar mass, M.. The solid line gives the observed data, while the dashed line indicates the results
of testing the effect of higher SAMI observing completeness at higher stellar masses. Stellar mass completeness does not have a
significant effect on the Fisgp—M. relation. We observe that the fraction of slow rotators increases with increasing stellar mass.
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Figure 10. The upper panel shows the distribution of
carrected spin parameter, )lh-l..””-'\,f-_, as a hunction of stel-
lar mass, M., with eolors showing environment overdensity,
05 500, —1s.3, The lines show mean Ar, /¢ as a hinction
of stellar mass for the lower and upper quartiles of overden-
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mass. We draw the following conclusions that are not
qualitatively dependent on fiducial radius or choice of
fast /slow galaxy classification:

o We find a total slow rotator fraction of Fyp =
0.14 £+ 0,02,

e The slow rotator fraction per cluster shows no de-
pendence on host cluster mass in the range stid-
led.

o We find Fep to depend on local cluster environ-
ment such that it increases with increasing envi-
ronmental overdensity, from Fgp = 0147005 at
log(8) ~ —0.9 to Fsp = 0.20%05. at log(d) ~ 0.4,

a significance of 3.4e.

e Fgp depends more strongly on stellar mass than
on local cluster environment, The fraction of slow
rotators increases with increasing stellar mass
from Fgr=0.13500% at log(M, /M) ~ 10.1 to
Fgp = 041907 at log(M, /M) ~ 11.2, a signifi-
cance of 5.0,

e Once any dependence on stellar mass is removed
from the distribution of spin parameter, Ag, , /v/€,
no significant relationship with local cluster envi-
ronment remains,

We conclude that the eluster kinematic morphology
density relationship is a result of mass segregation due to
dynamical friction. We will test this hypothesis further
with the broader SAMI Galasxy Survey sammnle (van de



