Chemical abundances in the NLR of AGN

based on IR emission lines

Borja Pérez-Diaz*:
bperez@iaa.es

Enrique Pérez-Montero*
Juan A. Fernandez-Ontiveros?
José M. VilcheZz?!

Xl Estallidos Workshop

May 18, 2022

EXCELENCIA

Linstituto de Astrofisica de Andalucia, IAA-CSIC ?. ocHo -



mailto:bperez@iaa.es

AGN abundances from IR emission lines

G Introduction and methodology

e Sample

e Metallicity estimators based on IR emission lines

@ s
Instituto de Astrofisica de Andalucia, IAA-CSIC ) OCHOA ‘



AGN abundances from IR emission lines

G Introduction and methodology

@ s
Instituto de Astrofisica de Andalucia, IAA-CSIC ) OCHOA ‘



AGN abundances from IR emission lines

Star formation

Source of lonization: O, B stars (T . > 15000 K).

Source of emission: Gas ionized by stars.

« T.~10"K
e n_~10*10*cm?®
e v~10 km-st

(2MASS image of RCW 36)
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AGN abundances from IR emission lines

Narrow Line

AGN Activity | "/ Regior

Source of lonization: Accretion disk surrounding Broad Line
SMBH. g /e

Source of emission: Two regions of ionized gas, . .
BLR / NLR CK o ___Accretion

e r~0.1/100 pc

« T.~10"K

e n_~10°/10°cm™®

e v~10%/500 km-s*

(Urry & Padovani 1995)
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AGN abundances from IR emission lines

. . . . . . . LEGEND
The evolution of galaxies is related to the metallicity in their |3  Non-Metal N
regions. Li | Be : Metal B|C|N|[O|F |Ne
Na (Mg Al | Si| P | S |Cl Ar

K [Ca|Se |Ti|V |Cr Mn|Fe |Co|Ni|Cu|Zn Ga|Ge| As|Se | Br

Kr
.. . . . . Rb |Sr | Y |Zr|Nb|Mo| Te |Ru |Rh|Pd |Ag [Cd | In | Sn |[Sh|Te| 1 |Xe
The metallicity is usually analyzed by estimating two chemical |/ s i ur t | w Relos|1r | Pt |aulte| 11 b | 81 Po| At [Rn

abundances ratios: Fr | Ra | Ac [UnqUnp|Un]

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 Photoionizat del h emission |
and < - Photoionization models to match emission line

Seyferts 2 ratios

- Optical calibrations based on strong emission lines
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AGN abundances from IR emission lines

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 emission lines. This program also provides the
lonization parameter U.

H OVVL https:/lwww.iaa.csic.es/~epm/HII-CHI-mistry.html

HII-CHI-mistry

HII-CHI-mistry is a collection of python subroutines aimed at the calculation of chemical abundances and physical properties using emission line fluxes from ionized gaseous nebulae. A complete description

s can be downloaded from . These are the available different versions:

. 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 Seyfert 2 galaxies.

. Calculation of oxygen, carbon-to-oxygen chemical abundances and ionization parameter using ultraviolet emission lines.

. Calculation of oxygen, nitrogen-to-oxygen chemical abundances and ionization parameter using infra-red emission lines.
. Calculation of the equivalent effective temperature of the ionizing source and the ionization parameter using optical emission lines and the
metallicity, if available, as inputs.
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AGN abundances from IR emission lines

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

Grids
Spectral t SED
pectral type 12+log,,(O/H) | log,,(IN/O) | log,(U)
POPSTAR
Star-forming galaxies Burst of 10° yr 6.9, 9.1] [-2.0, 0.0] [44.0,-1.5]

Ratio Dust/Gas 7.5 10~3 N® Values: 23 N® Values: 17 | N° Values: 11

BBB max. at 13.6 eV

Sayfarts Bl 6.9, 9.1] [-2.0, 0.0] [-4.0, -0.5]
N Values: 23 N® Values: 17 | N° Values: 15
apx = —08or —1.2
pa BEB “;T'zﬂ""_}?"ﬁ v 6.9, 9.1] 2.0, 0.0] 4.0, -2.5]
N® Values: 23 N® Values: 17 | N° Values: 6
apx = —08 or —1.2
Steps - | 0.1 dex | 0125dex | 025dex |
s 4301 H865 2346
¥ Models i Star-forming Sevferts LINERs
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AGN abundances from IR emission lines

#0 42

> X

Grid
O/H

N/O

#3

> X

N/O

O/H
N/O

All fixed
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)

— -~ seyres|| We compile a sample of 58 AGNs with observations
1.5 - Tl . - uures || from Spizter/IRS and Herschel/PACS, divided as:
DWARF. _ L _ 3 y v LIRGs
104 AT * |- 43 seyferts
o e s W - 12 (U)LIRGs (8 + 4)
%:j_i : :\.;'H,‘ ¥ - - 3 LINERSs
2 8 “f;ﬁ--' . " ... -=(n | We also add spectroscopic information from SOFIA
—057 @t o o N EETEy to retrieve key emission lines in the estimation of N/O
SFG Ty T, : such as [OllIJA52um and [NIHIJAS7um.
—1.0 - L .
-5 -4 -3 =2 -1 0 1 2
10910 o
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AGN abundances from IR emission lines
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AGN abundances from IR emission

f ¥ AGN activity is
o1 15250436 :
- ] characterized by
23 ] E 3 1 E . . . .
O K high ionic species,
leading to [NeV]
o ¥ - : emission for
O 5 _. instance.
"?: - § 22491-18
é g_ g é ,= : |'.-.|ir—'limll [Melll] o
Laf= . i H, | PaH
5 af b o I s .
. Mrk273 o I ey 12112403
.I._:é: ﬂ : & AR [Nell] i
::;: 08572439 : "; ___i____,;\_,Jf"J 14348-14

rest wavelength (microns)

Armus et al. (2007)

rest wavelength (microns)
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AGN abundances from IR emission lines

We adapt emission line ratios employed in the estimation of chemical abundances in SFG to AGN,
but taking into account the differences that arise from their different SEDs:

1- Higher ionic species are found in AGNSs (i.e. [NeV], [OIV], [ArVI], ...)

Ha S(1}

IR spectroscopic information
for NGC 5128 (IDEOS)
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AGN abundances from IR emission lines

We adapt emission line ratios employed in the estimation of chemical abundances in SFG to AGN,
but taking into account the differences that arise from their different SEDs:

1- Higher ionic species are found in AGNs (i.e. [NeV], [OIV], [ArVI], ...)

61 1+l L 0 | * s
SEEE I : r
IC RO PN A
2- Gas density in the NLR is higher (~500 cm) than ‘?E IR i i
in HIl regions (~100 cm), and IR emission lines are Saf i tiio ** ; i i
strongly affected by density conditions: < SRR R L S 5 E 3
Sl
sEE = F = = ¢
N EEEE R E P .
To 12 14 | EYREY

1.6 1.8
log(A) (um)

/@ - &k
Instituto de Astrofisica de Andalucia, IAA-CSIC § eHRA i




AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted) I([Ne H]lz,um) + I([I*Jem]ﬁwﬂ) Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted) I([Ne H]lz;m) + [([Nem]ﬁ”m) Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)

0.0
@ Seyferts
— 4 H B ULIRGs
0.2 ' ' LIRGS —1':'
: % LINERs
=15
_2105-
......... . g
=25
-3.0
=35
_l-E 1 L] L L] 1I 1 L] _4-[]
7.50 7.7% 800 825 B850 875 900 925

12+log(O/H)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)

Seyferts
_ ULIRGS
: LIRGS =1.0
log,, (N/O) : LINERS
Sample N° Median : _15
All galaxies 58 |35 -0.83 '
Seyferts 22 -0.81 _ | - Sample N..;
ULIRGs -0.86 f 5 % i =20 All galaxies 58
LIRGs -0.885 : = T T e R i =S Seyferts 43
LINERs -0.80 B — 252 ULIRGs 8
[ : LIRGs 4
Lo LINERs 3
-35
_1-E 1 L] L T 1I 1 L] _410
7.50 7.7% 800 825 B850 875 900 925

12+log(O/H)

12 + log,, (O/H)
Sample N’ | N° Median Std. Dev.

All galaxies 58 26 8.05 0.24
Seyferts 43 15 799 0.16

ULIRGs 8 8.32 0.20
LIRGs 4 8.495 0.005
LINERs 3 8.17 0.18
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Pérez-Diaz et al. (submitted)
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AGN abundances from IR emission lines

Star-forming galaxies Seyferts 2 LINERs

25.0% 1 12.5% 25.0% -
20.0% 15.0% - 10.0% A 20.0% A i 15.0% 4
15.0% - 7.5% - 15.0% ]
10.0% - ’ 10.0%
10.0% A 5.0% A
5.0% 5.0%
5.0% 2.5% A
g 0.0% - 0.0% - = 0.0% - +— : A2— 0.0% T i ——_—
78 80 82 84 86 88 -1.0 -0.5 0.0 82 84 B6 88 9.0 -0.6 —0.4 -0.2 80 82 84 86 88 -1.0 =08 =06 =04 =0.2
12 +log10(O/H) 10910(N/O) 12 +10910(O/H) log10(N/O) 12 + 10910(0/H) log10(N/O)
0.0 . _ 0.0
—0.5 8 _Amb —1 , L et -0.5 {80 _Amb. CHT AN e Fomp A
o . e — - Fan il
% %‘1'0 : %—1.0 .o i
= = 3
o S-15 &S-15
=] —. B+15 L . . £
~201 3 tonsnp -201 Pérez-Diaz et al. (2021) ~2.0
Amb
-25 . . . . . y . - -25 . . . ; . . , . -2.5 : . . . . . . ;
7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0
12 + logy0(O/H) 12 + logyo(O/H) 12 + log10(O/H)

12 + log(O/H) = 8.71 + 0.16 12 + log(O/H) = 8.78 + 0.23 12 + log(O/H) = 8.63 + 0.26

log(N/O) = -0.73 + 0.22 log(N/O) = -0.43 + 0.15 log(N/O) = -0.63 + 0.19

log(U) = -3.21 + 0.17 log(U) = -1.64 + 0.26 log(U) = -3.46 + 0.15
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AGN abundances from IR emission lines

We also analysed another sample of infrared luminous LINERs from Povic et al. (2016):
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AGN abundances from IR emission lines

We also analysed another sample of infrared luminous LINERs from Povic et al. (2016):

25.0% A
20.0% 1
15.0% A
10.0% A

5.0% 1

0.0% -
8.0 8.2

8.4 86
12 + logq0(O/H)

8.8 =1.0

=08 =06

=0.4 =0.2

—0.25 1

)
|
o
in
o
1

—0.75 1
—1.00 1

logio(N/O

—1.25 -

=1.50 4

¢ Palomar Survey
*  Povic et al. (2016)

10910(N/0) < —

7.8

<

8.0 8.2 8.4 8.6
12 + log;0(O/H)

8.8

9.0

9.2

Pérez-Diaz et al. (2021)

— apx=—0
— apx=—1
— apx=—1
—_— oy =—1
— Qpx=—1
— dpx= -1
oy = -2
=== Tur= 50k
== Tur= 10C
=== Tey= 15C
-+ ADAF

12

14

16 18 20 22
log(v) (Hz)
Pérez-Diaz et al. (in prep.)

] 9 SEVERO
Instituto de Astrofisica de Andalucia, IAA-CSIC ) OCHOA



AGN abundances from IR emission lines

G Introduction and methodology

e Sample

e Metallicity estimators based on IR emission lines
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AGN abundances from IR emission lines

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

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

3- We obtain that IR estimations of chemical abundances tend to be lower than those retrieved from
optical emission lines, in agreement with previous studies.

4- AGNs are characterized mainly by solar and subsolar chemical abundances, although some of them
present suprasolar abundances when optical emission lines are used.

Instituto de Astrofisica de Andalucia, IAA-CSIC § eHRA -




AGN abundances from IR emission lines

Thank you for your
attention!
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