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Chemical content of the ISM 1. Introduction

The evolution of galaxies is related to the metallicity in their | _"':ﬂ?«.. =
regions. L Be Metal B C|N O|F|Ne
Na Mg Al SEP S| QAr
K Ca Sc¢ Ti V Cr Ma Fe Co Ni Cu Zn Ga Ge As Se | Br Kr
The metallicity is usually analysed by estimating two chemical | i m s oo oo e e o e e
abundances ratios: Fr | Ra| Ac UnqUnplUsh
12 + log(O/H) and log(N/O) (Metals in astrophysics)
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Chemical content of the ISM 1. Introduction

LEGEND

The evolution of galaxies is related to the metallicity in their |3 Noa-Metal =
regions. L Be | Mea B C| N O|F|Ne
Na Mg AlLSEP S |QAr
K Ca S¢ TN V Cr Ma Fe Co Ni Cu Zn Ga Ge As Se | Br Kr
. . . . . . Rb Sr Y [Zr NB Mo Tec Ru Rh Pd Ag Cd Im So SBb Te| I [Xe
The metallicity is usually analysed by estimating two chemical | i w ke on ir # awitie 10 5 51 Pol Af R

Fr Ra

abundances ratios: Ac [UnqUnplUnh
12 + log(O/H) A log(N/O) (Metals in astrophysics)

...and 12+log(S/H)??
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Chemical content of the ISM 1. Introduction

The evolution of galaxies is related to the metallicity in their |3 _"'::i\;:... =

regions. L Be Metal B C| N O|F|Ne

Na Mg Al SEEP S| QA

K Ca S¢ TP V Cr Ma Fe Co Ni Cu Zn Ga Ge As Se | Br [Kr

.. . . . . Rb Sr Y [Zr NB Mo Tec Ru Rh Pd Ag Cd Im So SBb Te| I [Xe

The metallicity is usually analyzed by estimating two chemical | i w ke on ir # awitie 10 F 51 Pol Af R
abundances ratios: Fr | Ra| Ac UnqUnplUsh

12 + log(O/H) and log(N/O) (Metals in astrophysics)

To estimate this quantities in the optical range, we have:
~— - Direct or T_-method

Star-forming galaxies

and -
Seyferts 2
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Chemical content of the ISM 1. Introduction

. . . . . . . LEGEND
The evolution of galaxies is related to the metallicity in their |3 Now-Metal =
L Be Metal B C N O|F |Ne
[Nelll]is g — =~ [OIIls8pm [NIT] ) 220 Na | Mg ALUSE P S QA
~— |Nell]j280n —— [OIl}|yso0n INIT ) pcsae K Ca S Ti V Cr Ma Fe Co Ni Cu Zn Ga Ge As Se | Br Kr
- . . v . .o ~ . R Sr Y [ZrNb Mo Te Ru Rh Pd Ag Cd In So Sb Te| 1 [ Xe
|gtWOChem|Ca| Cs Ba La Hf (Ta W Re Os Ir Pt Au Hg 11 Pb BI Po At [Rn
-20 Fr |Ra Ac UnqUnpUsh
TE -21 (Metals in astrophysics)
Q
T
" =22
3
3 -23 we have:
=7
5_24 ~— - Direct or T_-method
-25¢ . :
10° 104 10
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Chemical content of the ISM 1. Introduction

The evolution of galaxies is related to the metallicity in their | _":if;\;:... =
regions. L Be Metal B C|/N O|F|Ne
Na Mg AL SELP S|Qlar
K Ca S¢ TRV Cr Ma Fe Co Ni Cu Zn Ga Ge As Se | Br |Kr
The metallicity i§ usually analyzed by estimating two chemical : :', :_ :: : ‘: :: : ':: : :' :: : : : :' ,:, :',
abundances ratios: Fr | Ra| Ac UnqUnplUsh
12 + log(O/H) and log(N/O) (Metals in astrophysics)
To estimate this quantities in the optical range, we have:
~— - Direct or T_-method
Star-forming galaxies o o
and B - Photoionization models to match emission line

Seyferts 2 ratios
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Chemical content of the ISM 1. Introduction

The evolution of galaxies is related to the metallicity in their | _"::i:i... -
regions. L Be Metal B C|/N O|F|Ne
Na Mg AL SEL P S Qlar
K Ca S¢ Ti V Cr Ma Fe Co Ni Cu Zn Ga Ge As Se | Br Kr
.. . . . . Rb Sr YV [ZeNB Mo Te Ru Rh Pd Ag Cd In Sa S Te| I |Xe
The metallicity is usually analyzed by estimating two chemical | i w ke on ir # awitie 10 F 51 Pol Af R
abundances ratios: Fr | Ra| Ac UnqUnplUsh
12 + log(O/H) and log(N/O) (Metals in astrophysics)
To estimate this quantities in the optical range, we have:
~— - Direct or T_-method
Star-forming galaxies L L
and - - Photoionization models to match emission line

ratios

Seyferts 2

- Calibrations based on strong emission lines
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Chemical content of the ISM

Compared to optical emission lines, infrared emission lines provide benefits with their use on the
estimation of chemical abundances:

1- Higher ionic species are traced in the IR (i.e. [NeV], [NeVlI], [OIV], [ArV], [ArV1],...)

IR spectroscopic information
for NGC 5128 (IDEOS)
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Chemical content of the ISM

Compared to optical emission lines, infrared emission lines provide benefits with their use on the
estimation of chemical abundances:

1- Higher ionic species are traced in the IR (i.e. [NeV], [NeVl], [OIV], [ArV], [ArV1],...)

2- IR emission lines are almost unaffected by possible temperature fluctuations
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Chemical content of the ISM

Compared to optical emission lines, infrared emission lines provide benefits with their use on the
estimation of chemical abundances:

1- Higher ionic species are traced in the IR (i.e. [NeV], [NeVl], [OIV], [ArV], [ArV1],...)
2- IR emission lines are almost unaffected by possible temperature fluctuations

3- IR regime allows us to peer through dusty environments (e.g. ULIRGS)

IRAS 20551-4250 as seen
by HST
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Chemical content of the ISM

Compared to optical emission lines, infrared emission lines provide benefits with their use on the
estimation of chemical abundances:

1- Higher ionic species are traced in the IR (i.e. [NeV], [NeVl], [OIV], [ArV], [ArV1],...)
2- IR emission lines are almost unaffected by possible temperature fluctuations

3- IR regime allows us to peer through dusty environments (e.g. ULIRGS)

But... all that glitters is not gold!
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Chemical content of the ISM

HII-CHI-MISTRY

We adapt the HII-CHI-MISTRY (Pérez-Montero 2014, 2015, 2019) code to estimate the
abundance ratios O/H and N/O from IR and optical emission lines. This program also provides
the ionization parameter U.

HII-CHI-mist

mndances and phvsx

Calculation of oxygen, nitrogen-to-oxygen ratio chemical abundances and ionization parameter using optical emission lines both for massive

clusters and for Narrow Line Regions of Seylert 2 galaxies

Calculation of oxygen, carbon-to-oxygen chemical abundances and jonization parameter using ultraviolet emission lines
Cakculation of oxygen, nitrogen-to-oxygen chemical abundances and ionization parameter using infra-red emission lines
Calculation of the equivalemt elfective temperature of the ionizing source and the ionization parameter using optical emission lines and the

metallicity, if available, as inputs
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Chemical content of the ISM

HII-CHI-Mistry uses photoionization models to create the grid of models. But you can choose
the photoionization code that you want!!!

Grids
Spectral type SED
pectral type 12+1og,o(O/H) | Togo(N/O) | Togw(U)
POPSTAR . ‘ 5]
Star-forming galaxies Burst of 10" yr 6.9, 9.1] 2.0, 0.0 4.9, -1.5

Ratio Dust /Gas 7.5- 1077

N Values: 23

N? Values: 17

N Values: 11

BBB max. at 13.6 ¢V

o 6.9, 9.1 [+2.0, 0.0] [«4.0, 0.5
Seyferts ax . ) N Values: 23 N? Values: 17 | N° Values: 15
apx = -8 or -1.2
LINERs o "":"_“H'" :‘“’ .l 6.9. 9.1] 2.0, 0.0! [-4.0, -2.5]
- , N° Values: 23 | N° Values: 17 | N° Values: 6
apxy = -D8 or —-1.2
Steps 0.1 dex 0.125 dex 0.25 dex |
4301 NG5 2346
o b
N® Models Star-forming Sevierts LINERs
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Chemical content of the ISM
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Chemical content of the ISM

e Oxygen and nitrogen abundances from infrared emission lines
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Chemical content of the ISM
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Fernandéz-Ontiveros et al. (2021) presented the first upgrade for HII-CHI-Mistry to derive
chemical abundnaces from IR emission lines. When compared IR and optical abundances, they
observed some slight discrepancies for O/H, but in the case of N/O, these discrepancies are
higher.
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Chemical content of the ISM

Iog NO ratio in the previous work
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Peng et al. (2021) also found discrepancies in the N/O ratio when compared optical and

infrared estimations
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Chemical content of the ISM
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Also in AGNs some discrepancies are found when estimating N/O through emission line
calibrations (N303 based on FIR emission lines)
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Chemical content of the ISM

Pérez-Diaz et al. (2022)
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Chemical content of the ISM

Pérez-Diaz et al. (2022, A&A)
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Chemical content of the ISM

e Oxygen and nitrogen abundances from infrared emission lines

° Sulphur abundances from infrared emission lines
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Some galaxies (either SF- or AGN-dominated) present log(S/O) ratios which deviate from the
solar ratio.
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Chemical content of the ISM

We take advantage on the extremely low dependence of IR emission lines on temperature and
the availability of [SIlI] and [SIV] emission lines.
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Chemical content of the ISM

We take advantage on the extremely low dependence of IR emission lines on temperature and
the availability of [SIlI] and [SIV] emission lines.
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Chemical content of the ISM

We discard possible observational effects, for instance, in the detection of [SIV] due to the
strength of the silicate emission in the [10, 12] ym regime.

Pérez-Diaz et al. (submitted)
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Chemical content of the ISM

We explore whether these deviations are explained by the physical conditions of the gas-phase
ISM
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Chemical content of the ISM

e Oxygen and nitrogen abundances from infrared emission lines

° Sulphur abundances from infrared emission lines

e Observing the “deep-diving” phase

o
w @

9 EXCELENCIA
‘ ’ ’ SEVERO
Instituto de Astrofisica de Andalucia, IAA-CSIC ) OCHOA ‘




Chemical content of the ISM

Pérez-Diaz et al. (2024, NatAs)
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Complementary to the samples of SFGs from Fernandez-Ontiveros et al. (2021) and AGNs from Pérez-Diaz et al.
(2022), we also analyzed the IR spectroscopic database from IDEOS (Hernan-Caballero et al. 2016, Spoon et al.

2022).
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Optical studies pointed to lower chemical abundances in
(U)LIRGs than in SFGs.

— Y4
-

A recent study on the chemical content based on IR
emission lines pointed that (U)LIRGS, on the contrary
to optical studies, follow the MZR.
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- They show heavy depressed
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(Ultra)-Luminous Infrared Galaxies do
follow the MZR, although we detect
some (U)LIRGs clearly deviate from
that behaviour:
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(Ultra)-Luminous Infrared Galaxies do
follow the MZR, although we detect
some (U)LIRGs clearly deviate from
that behaviour:

- They show heavy depressed
metallicities ( O/H ~ 7.7-8.1)

- These galaxies are
characterized by relatively high
stellar masses (M, > 10*°M_ )

- They show solar like N/O ratios
(the gas was metal enriched )

- They are in late-stages of their
merger phase
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Deep-diving (U)LIRGs
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Pérez-Diaz et al. (2024, NatAs)
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“Deep-diving (U)LIRGS”
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Merger-driven infall of metal-poor gas depressed the

“Deep-diving (U)LIRGS” < »  metal content of the ISM during a short phase (< 700
Myr) of (U)LIRGS, eventually, star formation and outflows
pollute again the ISM = Deep Dive
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Merger-driven infall of metal-poor gas depressed the metal content of the ISM during a short phase (< 700
Myr) of (U)LIRGs, eventually, star formation and outflows pollute again the ISM = Deep Dive

“Deep-diving (U)LIRGS”
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e Oxygen and nitrogen abundances from infrared emission lines

° Sulphur abundances from infrared emission lines

e Observing the “deep-diving” phase

e Conclusions
w QO
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1- HII-CHI-Mistry (and HII-CHI-Mistry-IR) allows us the estimation of 12+log(O/H), 12+log(S/H) log(N/O)
and log(U) based only on optical (or IR) emission lines and without assuming any relation.

2- Our methodology can be applied for both, AGN and SFG, accounting for their differences. HII-CHI-Mistry is
a versatile tool that can be used in large sample of galaxies.

3- We obtained that sulphur-to-oxygen abundances do not follow the solar ratio in many (U)LIRGs, finding a
similar result in AGNSs. This is in agreement with optical studies.

4- IR emission lines are key in order to properly estimate the chemical content of the gas-phase ISM in dusty
objects such as (U)LIRGs, finding that they can be an indirect proof of metal-poor gas enrichment (deep-
diving).

5- The deep-diving phase is relatively short in timescales, explaining the low statistics in our findings.

g @
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Thank you for your
attention!
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