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ABSTRACT

We present an HST Cosmic Origins Spectrograph (COS) spectrum of the QSO SDSS J095109.12+330745.8
(zem = 0.645) whose sightline passes through the SMC-like dwarf galaxy UGC 5282 (My = -16.0, ¢z =
1577 km s7'), 1.2 kpe in projection from the central H I region of the galaxy. Damped Lya (DLA) absorp-
tion is detected at the redshift of UGC 5282 with log [N(H T) cm~2] = 20.89*)-12. Analysis of the accompanying
ST, P IT and O I metal lines yields a neutral gas metallicity Zy; of [S/H]~ [P/H]=—-0.80 -+ 0.24. The metallicity
of ionized gas from the central H II region, Zyy, measured from its emission lines is [O/H]= —0.37 £ 0.10,
a difference of +0.43 +0.26 from Zy;. This difference ¢ is consistent with that seen towards H II regions in
other star-forming galaxies and supports the idea that ionized gas near star forming regions show systematically
higher metallicities than exist in the rest of a galaxy’s neutral interstellar medium (ISM). The positive values of
d found in UGC 5282 (and the other star forming galaxies) is likely due to infalling low metallicity gas from
the intergalactic medium which mixes with the galaxy’s ISM on kpc scales. This model is also consistent with
broad Ly« emission detected at the bottom of the DLA absorption, offset by ~ 125 km s~ from the absorption
velocity. Models of galaxy evolution which attempt to replicate population characteristics, such as the mass-
metallicity relation, may need to start with a galaxy metallicity represented by Zy; rather than that measured
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Table 1. Parameters for QSO-galaxy pair

Note
Properties of UGC 5282
RA, Dec (J2000): 09:51:10.03, +33:07:48.5 1
Heliocentric velocity v : 1577+ 3 kms™ 2
Adopted Distance D: 22.01+0.2 Mpc 3
SDSS mag g M., g—r: 15.5,-16.3,042 4
Johnson mag B, Mg, L: 15.7,-16.0, 0.02L, 5
Radius R>s(r): 34" =3.7kpc 6
pe(r): 21.7 mags arcsec 6
H I 'mass [log(M=)]: ~ 8.5 7
Star Formation Rate: 0.05-0.1Mg yr 8
Stellar mass [log(M)]: 8.54+0.2 9
Specific SFR [log(yr )]: -9.5+0.2 8
Halo mass log[Mapo(Mz)]: = 10.7 10
Properties of background QSO
RA, DEC: 09:51:09.12 +33:07:45.8 11
Redshift: 0.644 11

Impact parameter p: 117" =12kpe 12
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Table 2. Strong Line Diagnostics of The Central H II Region of UGC 5282

Method Method Line Method Calibration
D Ratios o ®  12+10gOH)  Zuu? Ref.
Ar303  [Ar 1] A7135/ [0 11I] AS007 +0.23 8.434+0.10 —0.33+0.11 ]
S303 [S 1IT] A9069 / [O III1] AS007 +0.25 8.424+0.03 —0.34 +0.06 ]
S23 ([STI] AA6716,6730 + [S II] ANO069.9530)/HS +0.10 8.3940.03 —0.37+£0.06 2
N2 [N1I] A6583 / Ha +0.16 8.26+0.01 —0.50+0.05 3
0O3N2 ([O 1] AS007 x Hey) / ([N 11] A6583 x H3) +0.18 8.27+0.01 —0.49 £0.05 3
KEK04 FIO 11} A3727, [O 111] A4959,5007, H3, g) +0.2 8.36 —0.40 4

“This is the the approximate 1o dispersion in the calibration of the emission line ratio metallicities.

b Metallicity of the central H I region in UGC 5282, log(O/H) —log(O/H)~ where 12+log(O/H)- =8.76 (Lodders 2003).
The errors listed in this column are only combined errors from the flux measurements.

References—1 — Stasinska (2006); 2 — Pérez-Montero & Diaz (2005); 3 — Marino et al. (2013); 4 — Kobulnicky &
Kewley (2004)
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Figure 4. Normalized COS spectrum of the QSO J0951+4+3307. A composite Ly absorption line profile is shown as a red line, which is
comprised of absorption from UGC 5282 at v = 1581 km s~ with logN(H I) = 20.89 (+0.12,-0.21), and two components inferred from 21 cm
emission line measurements (black dotted lines) at =35 and 0 km s~ with log N(H I) = 19.79 and 19.70. respectively. The region shown in
green corresponds to profile fits made to data normalized by continuum fits that are 1o deviant from the best fit continuum. The geocoronal
emission lines from Lyc and N [ are marked, as well as the wavelengths of other detected absorption lines.
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Table 3. Results from Voigt Profile Fits to Weak Absorption Lines from UGC 5282

v=1581+3 kms™

Ton Detected ¢ b
(X) Lines (kms™) log[N(cm™)] NX)YNHT) -Zs
H1 Al2l6 20.89 (+0.12,-0.21)

Lines fitted simultaneously to give single b and v values

ST 1250, A1259 155459  15.33 (+0.37,-0.15) —0.82 (+0.39, -0.26)
PO Al1S2 15.545.9  13.65 (+0.27,-024) —0.78 (+0.30,-0.32)
Fell Al143,A1144, A1142)P 155459  15.02(+0.33,-022) —1.41 (+0.35,-0.31)
cm* A1335 155459  13.86(+0.27, -0.25)

Lines fitted assuming fixed b and/or v

O1  Al1302 15.5 16.51 (+0.49, -0.72) -1.14 (+0.51,-0.75)
20.84+17.7¢ 15.15 (+0.55,-0.32) .
Sim  A1190, 21304 15.5 14.8340.36 ~1.67 (+0.38, -0.42)

30.0+6.2 1460 (+0.19, -0.12)

“Lines in bold indicate which lines were fit with Voigt profiles;

b Fe 1l A1142 not detected. but data used to constrain fit;

¢ Additional component at v= 1562 kms .
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Figure 9. Comparison of the metallicity Zy i and stellar mass of
UGC 5282, to the stellar mass-metallicity-SFR (M. —Z —SFR) rela-
tionship for 200,000 SDSS galaxies studied by Andrews & Martini
(2013). The black line represents the M. —Z —SFR relation found
without considering the SFR of the sample galaxies; the grey circles
show the data used to produce the black line and are included to in-
dicate the dispersion in the data. The yellow and blue lines show the
resulting M. —Z —SFR relations when the galaxies are binned into
a sample with low SFRs, —1.0 < log(SFR) < —0.5, and with high
SFRs, 0.5 < log(SFR) < 1.0, respectively. The green square shows
the position of Zyy for UGC 5282, while the orange square shows
the value of Zy 1. The difference between the two, the value of 8 dis-
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Turbulence in Hickson Compact Group NGC7674

DIANE M. SALIM,'"? KATHERINE ALATALO.*® CHRISTOPH FEDERRATH,""> BRENT GROVES."? AND LisSA J. KEWLEY'"?

1Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
“ARC Centre Of Excellence For All Sky Astrophysics in 3D (ASTRO3D), Australia
HSPLH.'E' Telescope Science Institute, 3700 San Martin Dr., Baltimore, MD 21218, USA
*The Observatories of the Camegie Institution for Science, 813 Santa Barbara St., Pasadena, CA 91101, USA
A Johns Hoplkins University, Department of Phyvsics and Astronomy, Baltimore, MD 21218, USA

ABSTRACT

The physics regulating star formation (SF) in Hickson Compact Groups (HCG) has thus far been difficult
to describe, due to their unique kinematic properties. In this study we expand upon previous works to devise
a more physically meaningful SF relation able to better encompass the physics of these unique systems. We
combine CO(1-0) data from the Combined Array from Research in Millimeter Astronomy (CARMA) lo trace
the column density of molecular gas >, and deep Ho imaging taken on the Southern Astrophysical Research
(SOAR) Telescope tracing Xspr to investigate star formation efficiency across face-on HCG, NGC7674. We
find a lack of universality in star formation, with two distinct sequences present in the ., — Xgprgr plane: one
for inside and one for outside the nucleus. We devise a SF relation based on the multi-freefall nature of gas and
the critical density, which itself is dependent on the virial parameter «v,i,, the ratio of turbulent to gravitational
energy. We find that our modified SF relation fits the data and describes the physics of this system well with
the introduction of a virial parameter of about 5-10 across the galaxy. This a4, leads to an order-of-magnitude
reduction in SFR compared to avj, ~ 1 systems.
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Figure 1. Hickson Compact Group NGC7674. LEFT: i-band image from the Hubble Space Telescope (HST) (Armus et al. 2009). MIDDLE:
Y gas maps inferred from the CARMA CO(1-0) observations (Alatalo et al. 2015a). RIGHT: Ysrr maps inferred from deep Ho imaging taken
with the 4.1m SOAR telescope. (Eigenthaler et al. 2015). In every panel. the outermost contour indicates the boundary at which we seperate
the noise-dominated pixels to the signal-dominated pixels we use in analysis. The dotted green rectangle indicates the boundary of the bar of
NGC7674, as visually determined by the HST ¢-band image. In the middle and right panels, the central green circle represents the boundary of
the central nucleus, as determined by the deep Hev imaging. In the middle and right panels, the top-right pink circle indicates the FWHM of the
beam of the instruments which took the observations. The FHWM of each respective instrument is written above the beam size.
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Figure 2. LEFT: We show the molecular gas surface density from CO(1-0) of every line of sight column in NGC7674’s CARMA field
compared to the Xgpr for the same column. Each LOS column is represented as a single circular data point in the left panel of the diagram.
Green circles indicate pixels that fall within the bounds of the galactic nucleus and outlined circles highlight pixels that make up the bar outside
the nucleus (see Fig. | for the parts of the galaxy defined as nucleus and bar, respectively). Both of these regions are defined in Section 2.4. The
overlaid dark pink circles are the median Yspr within 2z, bins of 0.1 dex of 1—'1.31)(:_1. The vertical error bars extending above and below
these points are the standard deviations of Xgrr within each Xgae bin. The Kennicutt (1998) (K98) and Bigiel et al. (2008) (BO8 hereafter)
relations are also displayed on the same axes as the solid and dashed pink lines respectively. The lower thresholds in ¥, and Xspr. as
described in Section 2.4, are also shown in Figure 2 as the dotted purple vertical and horizontal dashed lines respectively. Any values in either
Ygas Or Xspg that are lower than these thresholds we disregard and show in a fainter gray. Note that because the pixel size of the CARMA grid




BpemeHa ncyepnaHusa HE
KOPPENUPYIOT C NMTOTHOCTLIO rasa

1.5 2.0 2.5 5.0
|Og10 Eqas [MGJ pc_z]
| M

00 0.2 04 06 08 1.0
10915 Tyep [Gyr]

2.5"
()
08 46' 55" " 4l : -/
50" %
45" - & HPF e te o
bbbt 5 Rk
xnna
40" F .
35 o : .
23N 97M 57 53 57.0% 56,57

Figure 3. Average depletion time (pink colour gradient) of every
2 % 2 line of sight columns overlaid on top of the corresponding
Ygas map (grayscale). Only pixels above the 2. and Xspgr noise
thresholds are shown.
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Figure 5. LEFT PANELS: The uncorrected velocity dispersion (moment2) map, the values of which are derived from the standard deviation
of the Gaussian for each spectrum shown in Figure 4. MIDDLE PANELS: Velocity gradients across the galaxy. BOTTOM PANELS: The
gradient-corrected velocity dispersions of the galaxy (velocity gradient subtracted from fitted Gaussian standard deviations.)
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The SFK 15 relation uses the fact that X, and the density
o closely follow a log-normal probability density function
(PDF) in both simulations and observations (Krumholz et al.
2012; Federrath 2013a):

e s“}u}-'e’s. (15)

pis)ds = = exp ( = 252

£

5~
=
L

where the density variable s is expressed as the logarithm of
the density normalized to the mean density:

the Kennicutt (1998) (hereafter K98) SF power-law relation:

s = In(p/po) (16)
1.4 and the logarithmic density variance 7, is defined as derived
YSFR X Egas (1 by Padoan & Nordlund (2011} and Molina et al. (2012):
. oo B
. _ LRt aq2_P
and the Krumholz et al. (2012) (hereafter KDM12) relation, 7} =in(1+PMg ). un
which correlate 2X5pg to the ratio between the mean column o? is itsell parameterised by the turbulence driving parameter
- ” - . b, which represents the degree of compressive or solenoidal
gﬂﬁ. dﬁ]:lSlly dnd the mean ﬁjﬁﬁ fall time tﬂ (’00) Dr the Cl{)l]d, turbulence in the system (Federrath et al. 2008, 2010), the
which is the time scale [‘equn‘&d for a medium with negllglble sonic Mach number M, and the ratio between thermal and
. : magnetic pressure 2, SFK13 then derived their SF correlator
Pmssure Suppm't o CDllapse- B}’ dﬂlng 50, the Sclr‘gfa“[}‘ of by integrating over all densities for the entire PDE. The new
the ﬁ}" stem 1s taken into account: correlator 18 denoted as the maximum or  multi-freefall gas
: consumption rate, (Xeu. /) munii—i:
Zns Egm-:{ﬁ[]) /--x_ 3
: —_ = — : = 5| p(s) ds .
YsFR = r_ﬂ.M _ (2) (=% )';g;}',-i;.f" ti(p0) J-oo T (5) #lo) ds
tia(po) (18)

By computing the integral and calibrating o Milky Way
(MW) clouds and the Small Magellanic Cloud {SMC}), the
SFK15 model is reduced to:

L as
Tgrr = 0.45% x (—==) . o 2
1

IYCT MAHUTHOTO MONA HET! - ="~

SFKI15 had assumed a natural mixed turbulence scenario
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Figure 7. Same as the right-hand panel of Fig. 6, but for the extended comparison between EXspr predicted using this work’s extended
turbulence-regulated SF model (Equation 26) for assumed . of 1, 5 and 10 to the observed Xgpr inferred from deep Hev imaging. The
resultant slopes and offsets between the predicted and observed Espr for each of the i = 1, 5 and 10 scenarios for this SF model are
tabulated in Table 1.
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SF prediction. Offset  Slope
K98 0.15 055
KDMI12 002 0.56
SFK15 078 0.76

This work, cvir = 1 0.54 0.75
This work, cvir = 5 0.30 0.78
This work, cir = 10 0.16 0.80

Table 1. The offset and slope of the best least-squares linear fit to
the median predicted ¥spr values within each observed ¥spr bin
for the three previously derived SF models by K98, KDM12 and
SFKI15, as well as the extended turbulence-regulated SF relation
derived in this work, for assumed cv,i; of 1, 5 and 10. A perfect
correlation between predicted and observed ¥spr would result in
an offset of 0 and a slope of 1.



