Alessandra Aloisi
(STScl)

Mapping Oxygen in the Universe
Puerto de la Cruz, Tenerife — 17 May 2012




Alessandra Aloisi .
(STScl)

B 1 'Jgimes (STScl)
T. Heckman (JHU)
- K. Sembach (STScl)
T. Sohn (STScI)

M. Tosi (INAF-OAB) -
M. Wolfe (STScl)

Mapping Oxygen in the Universe
Puerto de la Cruz, Tenerife — 17 May 2012




Abundances in SFGs inferred from O in nebular (emission-
line) spectra of HII regions. However:

v HII regions may suffer from self-enrichment
(Kunth & Sargent 1986)

v Bulk of metals in SFGs may be in neutral gas
(up to 90-95% for BCDs)

Need to infer abundances in neutral ISM through
UV absorption-line spectra !
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05 Solid circles: [O/H] from em lines

Open circles: [Fe/H] from abs lines
Lines: various theoretical models

(S

Z. offset of ~ 1 dex at high z
between LBGs and DLAS

—>

High-z difference due to:

O

v' techniques (absorption vs emission)?
v element considered (O vs Fe) ?
v’ selection of samples ?

epoch (Gyr) Similar offset atz =0 ?
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* QSOs as background UV sources
v’ galaxy halos at z > 0.35

v’ large impact parameters
(10-150 kpc)

v bright QSOs are rare

HII regions/young clusters within
galaxy as background UV sources

v’ galaxy cores at z < 0.1
(D <50 Mpc)

v small impact parameters
(1-5 kpco)

HII regions/young clusters
abundant in SFGs
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—>  H I more metal-poor than H II ?
Are we looking at a large halo of HI in SFG galaxies?

H II regions not fair tracer of the ISM metallicity ?
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« STIS abundances of the
damped Lya system toward
QSO HS 1543+5921 (z=0.807)

’..,_ 178 | | + Emission-line abundances of
R S 1543+5921 the HII region in SBS 1543+593
A (backeround Q50) | (L, SBG at D ~ 40 Mpc)

=

b Neutral & ionized gas
"zﬂ‘“‘ abundances agree

17 May 2012 Mapping Oxygen in the Universe




Saturation/Hidden Saturation
e strong lines (e.g., O)
e unresolved multiple components due to large FUSE aperture used

Tonization
* ionization corrections (only some ions may be present)

intervening ionized gas (S, Si, Mg, P, C, Fe, Al)
partially ionized gas (N & Ar)

alpha-elements Si & Mg more than O, Ar & S
Fe-peak element Fe (Cr, Co, Ni) more than Zn or Mn

Need to move to COS wavelengths to sample additional lines with
different strength and additional ions!




34 HST orbits in Cycle 17 to target 9 galaxies
(program 11579, PI: Aloisi)

* 8 orbits of ACS/SBC pre-imaging (archival data for SBS0335-052)
v F125LP filter used (longwards of Lya)
v Data taken Jan-Mar 2009 (before SM4)
v' ACS/WFC, ACS/HRC, WFPC2 archival data used for ACS/SBC red leak

* 26 orbits of COS/FUY spectroscopy
one sightline in each galaxy of the sample
second sightline in M83 and NG(C5253
spectra acquired in Nov 2009 — May 2011
spectral range covered ~ 1150 — 1450 A
spectral resolution v ~ 18 km/sec
S/N ~ 10-30 per resolution element (~ 6 pixels)

A couple of papers ready to be submitted !
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COS Sample of SFGs spans a wide range in 7., , and
, allowing to investigate the metallicity behavior of
the neutral ISM as a function of the galaxy properties at z =0

Type V vel  E(B-V) 12+log(O/H) log(Luv+Lrin)
(mag) (km/s) (mag) (ergs/s)
M83 3 7.5 513
NGC 3690 120 3,119
NGC 4214 9.8 291
NGC 4449 NUC 9.6 203
NGC 4670 13.1 1,069
NGC 5253 10.4 403
SBS 0335-052 17.7 4,043
SBS 1415+437 15.6 609

T T N S
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SBS1415+437
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Normalized Flux
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Effects of Hidden Saturation:
Despite the strongest line does not
appear saturated, its fit (green) does

Removal of Geocoronal not properly reproduce the weakest
Contamination: lines, thus uncovering hidden

notice that after the removal saturation. The abundance is better
the shape of the OI 41302 1i;16 estimated in this case by fitting the

in velocity space is similar to weakest line (red)
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Solar photospheric abundances from

OI1Z%18
e Saturation Saturation affecting C, and likely O

NGC4214 .
NGCS5253~ 1 and Si
NGCH253-2

NGC4670

e Solid symbols: O as traced by P
0 NGC3690-c2 according to Lebouteiller et al. 2005

(but see also Jenkins 2009)

o elements O (as traced by P), S, and
Mg consistent with each other as
expected (all produced in the ejecta
of SNe II from massive stars)

e eE>®

Si not in agreement with other a
elements: likely due to hidden
saturation of the weakest line or
depletion

Fe-peak elements Fe & Ni in
agreement with each other
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Jenkins et al. (2009)

IZW18 O
SBS0335-052 ©
SBS1415+437

NGC4214
NGC5253~1
NGC5253-2

NGC4670

NGC4449

ISM: Jenkins 2009, f+=0 (smallest depletions)
" ISM: Jenkins 2009, fe=1 (lorgest depletions)

NGC3690-c1 ©
NGC3690-¢2 [
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Fe-peak elements less depleted
compared to a elements in SFGs

than local IMS

v Only upper end of Mg, P, and S
values in SFGs included in local
ISM range (except for M83)

v" All values of Fe and Ni included
in Local ISM range (except for
M83)

Saturated elements, as expected,
much more depleted in SFGs than
local ISM, except for Si that

behaves more like other o elements
v 1Is Si only marginally affected by
saturation after all?
v Is Si more depleted than Mg and
S because of condensation into
dust grains ?

N more depleted in SFGs
compared to Local ISM
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Cooke et al. (2011)

IZW18 O
SBS0335-052 O
SBS1415+437 O
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NGC3690-c1 ¢
NGC3690-c2 O
M83-1 ¢

Mg Si
Element
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C and O in SFGs lower
than in DLAs due to
saturation

O as inferred from P in
SFGs not in agreement
with DLA values

N, Fe, and at lower level
Si in DLAs at low end of
values in SFGs




Teplitz et al. (2000), Pettini et al. (2002)

% LBG: MS 1512-cB58 HI

Y¢LBG: MS 1512—cB58 Hll
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o elements (Mg, Si, S) in
ISM in agreement with «
element O in nebular gas

of LBG
v" Is this LBG chemically
homogeneous ?

ISM values in LBG in
upper part of ISM values
in SFGs (excluding M83)
with similar abundance

pattern
v" Are more metal-rich
local SFGs similar to
LBGs in this sense?




Compilation of HII region Abundances in SFGs of the COS sample from the literature
(all 1D spectra, except for N and O in SBS 0335-052 which are from IFU data)

Calaxy bag C/H) legINJH) bagl OJH) baglSi/H) bags JH) lagl BJH) Referencm

1YW 18 SMNM+015 -63+0M 458532 Q6E 632015 -A% 005 -646 2005 C Si: 1 (NW region); N, Fe: 2 (SE region); O, 8: 2 (NW regk
SH3053%-052 5. + 0,00 -619+£005 -4T120® -62840.183 -A5T 2041 -610£002 C 8i: 1;N,0: 83 (clatersd4.5); 8, Bo: 4 hustera 1, 2)
SBSI4154437 S8+ 013 595+ 001 43+ 0A 5554014 5% 001 £14 £001 C8i: N, O 8 FPe: 5(reggen al)

NOGC4214 5064+ 012 -380+00M0W A0 £ 0.04 N O S 6 (rvgon C20/Knot 1)

NQCO5255) 045 -516+ 0,18 -5+ Q0 -555+0.52 +007 S £0105 C 8i: I;N, 0,8 Fe 7T(Knot DJIN-2

NCQGC5255-2 5585404 -4AM QR 5585 +0.52 43 £007 594 £005 C Si: N, O: & (region 7);8, Fee 7T(Knat DJIV-2
NGC4ETO 501 £ 006 373+ 0@ 5D £ 005 N O 8: 9{cdculated from nuchar reggon Huxey wee text for ¢
NGC4440 -4.16 £+ 07 5 + 0.03 0, 5: 10 {nlou intend Fom Region 1] line fuxes, son bxt o de
NGO 5404+ 000 -562+ Q@ + 0.00 N, O, 8: 1] (errars not svailalde)

NOC3EM0-2 S5A9+ 00 3682+ 00 N O: 11 (errom not available)

M&3] 3664+ 005 325+ 0B -85 £ 001 N O 8: 12(cakculated lran Ragion A line Duxey wer toxt for

M832 345742005 -302+0M -47 +0.06 N, O, 5 12 (mlculated frun Ragion B line fuxes, soe xt for

—
P
R

Table 2. Referenoes: (1)=Izotov & Thuan (1999), (2)=Izotov et al. (1999), (3)=Izotov
et al. (2006a), (4)=Imtov et al. (2009),(5)=CGuseva et al. (2003),(6)=Kobulnicky & Skill-
man (1996),(7 )=Ldpez-Sdnchez et al. (2007), (8)=Walsh & Ray (1989), (9)=Moustakas &
Kemnicutt (2006), ( 10)=Budkalew e al. (2005).(11)=French (1980),(12 )=Bresaolin & Kenni-

aitt (2002)
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C and O underabundant in ISM

WR oiaota ton AR s compared to HII region due to
ejecta in ightly Saturate 1ZW18 O .
- saturation

HII regions ? or depleted in ISM ? sSBS0335-052 O
SBS1415+437 C
NGC4214 . . .
NGC5253~1 Si slightly underabundant in ISM
NGC5253-2 . - .
Nf;c,;syo compared to HII regions due to
NGC4449 » . P
NGC3690—-c1 O saturation or condensation into

NGC3690-c2 0 - dust grains

Fe similar or higher in ISM
v/ uncertainties in Fe
determination from
emission lines due to large

. ¢ Feuncertain ionization corrections?
Saturation in HII

in ISM regions ? .
N also underabundant in ISM
compared to HII regions
Element v" N enrichment of HII regions by
WR ejecta ?

—> S only reliable element in both ISM and HII region abundance determinations !
Is S indicating chemical homogeneity of different gas phases in SFGs ?
17 May 2012 Mapping Oxygen in the Universe 20




James et al. 2009
MKkr 966 is BCD with anomalously high N/O

IFU data show evidence of broad & narrow
components

v" Broad component associated with elevated N/O in
inner core region

arcsec

v Broad component associated with high N, (107 cm-3)

v" Emission map of WR feature at ). 4658 correlates
with broad component

See also Lopez-Sanches (2007) for similar findings
from 1D nebular spectra of NGC 5253

arcsec

Flux x 107" erg s~ cm —> Caution in using 1D spectra to infer
properties of nebular gas because of
local variations of physical properties !

Gemini/GMOS proposal to obtain IFU data of COS SFG sample
submitted and accepted in Dec 2011 for ' of the requested time!
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Proprietary

17 May 2012

Mapping Oxygen in the Universe

Gemini GN-2012A4-0-33
(PI: James)

NGC 4449 Apr 2012
NGC 4670 Apr 2012
SBS 1415+437 Apr 2012

Archival IFU data
NFC 5253 Feb-Jul
2008

SBS 0335-052 Nov 2003

I1Zw 18
NGC 4241
NGC 3690
MS83

Direct method
will be used to
determine O

abundances !
22




Only O considered in our plot

Our lower limits on O
abundances in the ISM of
SFGs (open blue circles) are

consistent with lower limits
in DLAs atz ~0.01-1

® COS SFGs O “
% GOODS—N (KGbulnicky & Kewley, 2004)
120 LBGs (Pettini+, 2001)
¢ LBGs (Shapley+, 2004)
CFRS— range from 66 galaxies (Lilly+,2003)
A NFGS— 200 galaxies (Jansen+, 2000)
Ellison+,2005
* HIl regions (Rodriquez & Garcio—Rojas, 2010)
B MS 1512-cB58 (LBG, Teplitz+,20003

A O In Nebular Gas Assuming chemical
%// //////% homogeneity, O in neutral
e ISM of our SFGs should be
as high as O in nebular gas
(solid red circles)

—~
T
~
O
~—r
(@2}
o
+
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Lower O in nebular gas of
O In Neutral ISM our SFG sample compared

COS SFGs O(F) @ to same in Local ISM or
COS SFGs 0(1302) O

MS 1512-cB58 O(P)(LBG,Pettini+,2002) m samples of field galaxies
MW ISM from ~250 sightlines (Jenkins 2009) =

VMP DLAs (Cooke+ 2011 & ref within) A likely due to selection effects
DLAs (Pettini, 2002 & ref within) & : .

Local DLAs (Battisti+, 2012) X (sample is dwarf/merging
galaxies at z ~ 0 with lower Z

Redshift due to lower M)

o
S
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Only O considered in our plot
Our lower limits on O

O In Nebular Gas O In Neutral ISM abundances in the ISM of

® COS SFGs O ‘ COS SFGs O(P) @
* GOODS—-N (I/?obulnicky & Kewley, 2004) COS SFGs 0(1302) O
120 LBGs (Pettini+, 2001) MS 1512-cB58 O(P)(LBG,Pettini+,2002) m
¢ LBGs (Shapley+, 2004) MW ISM from ~250 sightlines (Jenkins 2009) i
CFRS- range from 66 galaxies (Lilly+,2003) VMP DLAs (Cooke+ 2011 & ref within) A -
A NFGS— 200 galaxies (Jansen+, 2000) DLAs (Pettini, 2002 & ref within) &
Ellison+,2005 Local DLAs (Battisti+, 2012) x
* Hll regions (Rodriquez & Garcia—Rojas, 2010)
B MS 1512—cB_5|_8 (LBG, Teplitz+,2000$

SFGs (open blue circles) are
also consistent with
measurements in DLASs at
z~2-4

LBG MS 1512-cB58 at
z=2.7 also chemically
homogeneous between
neutral ISM and nebular
gas (solid red and blue
squares)
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Are DLAs different from
LBGs in terms of Z (thus M)
with DLASs being the more

sB common lower-mass galaxies
0 1 5 3 4 in the high-z Universe and
Redshift LBGs the MW-type galaxies
selected based on their
17 May 2012 Mapping Oxygen in the Universe increased SFRs? 24
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Sample of local SFGs observed with COS addresses biases of FUSE observations
(multiple sightlines, availability of ions, etc.)

o element S (in addition to P used as tracer of O ?) key to perform direct

comparison of a-element abundances in neutral ISM and nebular gas (see also
for S as proxy of O in ISM)

HI abundances similar to what found in HII regions associated with COS
absorption-line spectra, except for N:

v" N enrichment in HII regions by WNL stars ?

v' Same O metallicity in HI and HII ?

Both our SFG sample at z ~ 0 and the lensed LBG MS 1512-¢B58 at z ~ 2.7 are
chemically homogeneous in their neutral/ionized gas phases

Difference between DLLAs and LBGs in the high-z Universe (z ~ 2-3) easily
explained in terms of metallicity, thus mass

v" DLAs likely the most common lower-mass galaxies selected based on their high gas
content

v" LBGs likely typical L* galaxies selected based on their increased SFRs
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