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Abstract

Determining the abundances in the nuclei of AGN allow us tedtigate the

enrichment processes in the host galaxy antheadvantage that it allows for

the study of abundances for a large range in redshift, areldbtermine the abundance evolution. Until recently braaigsion lines were used, deriving high
abundances at high redshifts and a slight increase of thedabae with redshift. However this method has to make sakedy incorrect, assumptions. Here we
present the relative abundances determined from the Xiragreed narrow absorption lines of the warm absorber in dyée®& 1 galaxy Mrk 509. Using the
stacked 600 ks RGS and 180 ks LETGS spectra recently obtairederive C/O, N/O, Ne/O, Mg/O, Si/O, Ca/O and Fe/O abunésisimilar to the proto-solar

nebula abundance ratios. The S/O ratio is smaller than tite4gplar ratio. Du

e to the excellent statistics and theofisgpdated atomic data, this is the first time

that accurate and reliable abundances have been deterfoirtae warm absorber, the ionised outflow observee 9% of all Seyfert 1 galaxies.

1 Introduction
Determining the relative abundances in the nucleus all@wvghie study of the enrichment processes in the
galaxy of Mrk 509. Furthermore, the relative abundances wasure can be compared with the (relative) ab)

the history of the enrichment processes prevalent at diffeepochs. At high redshifts super-solar abunda
have been derived from the broad emission lines of quasatrspgélamann & Ferland (1992)]. However, the:

results are at odds with the fraction of old low mass staremles! in the eight brightest nearby cluster galaxi

[van Dokkum & Conroy (2010)].

The main advantage of using X-ray absorption lines over fitecally detected broad emission lines or U
detected narrow absorption lines, is that the ionisationcaire of the absorber can be accurately determi
This is crucial in disentangling the effects on the plasménefabundances from those of the ionisation struct
Unless the ionisation structure is well known, one can oskly ions that have their peak ionic column densit
the same ionisation parameter to determine the abundambese are no hydrogen transition lines in the X-r

url:
dances measured for active galactic nuclei (AGN) at higlshiéts, to determine abundance evolution and t ug

[Simionescu et al. (2009), de Plaa et al. (2006), Werner. ¢28D6)].
ost
[able 2: Comparison between the relative abundances in Mgk ith those derived for the cores of the
uster of galaxies: Hydra A,&sic 159-03 and 2A 0335+096 [Simionescu et al. (2009), dea &1 al. (2006),
cd¥erner et al. (2006)].

ke Mrk 509 Hydra A Srsic 159-03 2A 0335+096
s O/Fe 1.120.06 0.76:0.11 0.874:0.10  0.49-0.05

Ne/Fe 1.310.17 0.84:0.20 0.73:0.12  0.85-0.08
v Mg/Fe 1.210.16 0.32:0.04  1.02-0.08
ed. Si/Fe 1.530.60 0.65:0.05 0.6%:0.02  1.35-0.03
re. S/Fe  0.9%0.15 0.580.05 0.52:0.02  1.14-0.03
at Ca/Fe 1.03:0.26 1.28:0.16 1.04-0.05  1.58-0.06
ay

spectra; only continuum absorption is present. However,ctintinuum absorption from H is degenerate
the continuum model used, which is not a priori known. Themrebnly relative abundances are determined.
the relative abundances are with respect to proto-solas [welders & Palme (2009)] and we measure the aby
dances of C, N, Ne, Mg, Si, S, Ca and Fe compared to O; sampiimglements that are created by differe
enrichment processes occurring in the host galaxy.

2 Results

The relative abundances versus oxygen, derived usingreliffenethods, and versus iron are given in

ith The best comparison can be made with clusters of galaxiesraisge of overlapping relative abundances are
ja[neasured. In general we find that although each abundaricésratithin 3o consistent with the range measured
ut the three clusters of galaxies, the O/Fe and Ne/Fe rat@higher in Mrk 509 than in the clusters of galaxies.
note that the absolute abundances in clusters of galaxiEsenbwer, due to mixing with a large reservoir of pri-
mordial gas. The O/Fe and Ne/Fe ratios indicate that sislfzis and supernova type Il have been more important
in the recent history of Mrk 509 than in the enrichment of theeir few arcseconds of clusters. A possible reason
is the fact that stellar winds might not as readily escapetiential of the galaxy. Mrk 509 is a very disturbed
galaxy, which might recently have undergone a burst of fstanation, enhancing the number of supernova type

T
ble 1, where we also list the proto-solar abundances [Ladflé?alme (2009)]. One method used was to a@l versus the number of supemova type a.

sume that the warm absorber has six (three for LETGS) difteémmisation components [Detmers et al. (2011),
Ebrero et al. (2011)], which were fit with theabs model inSPEX [Kaastra, Mewe & Nieuwenhuijzen (1996)].
Thexabs model gives the transmission of a photo-ionised layer, /e ionic column densities are determine
from the total hydrogen column density, the abundancestanibnisation parameter. Alternatively we used th

Figure 1: A comparison of the relative abundances (8=O/FsNe/Fe, 12=Mg/Fe, 14=Si/Fe, 16=S/Fe,
0=Ca/Fe) measured in the warm absorber of Mrk 509 (opetes)rand the clusteres of galaxies Hydra A
red stars), Brsic 159-03 (blue squares) and 2A 0335+096 (dark bluedgieah [Simionescu et al. (2009),

ionic column densities measured with theab model to measure the absorption measure distribution (Al

e Plaa et al. (2006), Werner et al. (2006)].

[Detmers et al. (2011)]. In the this method we do not a pricakman assumption about whether the ionisation
structure is discrete or continuous. The difference intikdaabundances as measured with the different methods o f
gives a good indication about the uncertainties in the tesluie to the ionisation structure assumed. The S/O ratio E b
is underabundant and the C/Fe ratio has a super proto-émiadance ratio; although both the C/O and Fe/O ratio
are consistent with proto-solar abundance ratios. Fohalbther elements the ratios compared to O and Fe are 1
consistent with the proto-solar ratios.
Considering the small error bars on the determined relatixendances for the RGS data, we did try to deter- o #) A
mine the relative abundances for the slow and faster outflmwponents of the warm absorber observed in the s ‘ Y
X-ray spectra. However, the spectral resolution and quafithe RGS data is not enough to disentangle these 8« |
velocity components completely. As a result the error beedarge, but the abundance ratios are consistent with § # T
the abundances given in Table 1. é
<
Table 1: Best fit abundances relative to oxygen comparecetpribio-solar abundance ratio for the RGS spectium T
(using thexabs and the AMD models) and the LETGS spectrum usingdabs and discrete AMD model. Also ¥ 5#
listed are the abundances relative to Fe and the proto-ablardances. i ,+ il
RGS: LETGS:
ion  xabs discrete  continuousxabs  discrete recommendedon ion?
AMD  AMD AMD® 10 15 20
C/O 1.19:0.08 1.06-0.07 1.030.03 1.2+0.3 1.00 1.19+0.08 C/Fe 1.46:0.1 C 8.6 Element number
N/O  0.98+0.08 0.8@:0.05 0.86-0.03 |0.5+0.2 0.80 0.98+0.08 N/Fe 1.15:0.06 N 7.90
[¢] 1.00£0.05 1.06-0.05 111 O/Fe 1.120.060 8.76 .
Ne/O 1.11:0.10 1.17:0.15 1.16:0.07 0.9£0.3 117 | 111:0.10 NefFe 1.3:017Ne 7.05 4 Conclusions
Mg/O 0.68:0.16 0.92-0.29 0.93-0.15 |0.7+0.6 2.9:5.3 0.68+0.16 Mg/Fe 1.21:0.16 Mg 7.62 The relative abundances compared to oxygen of the warmadrsare consistent with the proto-solar abundance
Si/0 1.3+0.6 1.2+1.5 1.3+0.6 Si/Fe 1.53060Si 7.61 ratios, with the exception for S, which is slightly underatiant compared to the other elements measured. We
S/O 0.5%0.14 0.68-0.24 0.69-0.09 |0.4+0.4 1+1.10 0.89+0.25 S/Fe 0.930.15S 7.26 show that these relative abundances are consistent witththelances measured in a large range of other environ-
Ca/O 0.89-0.25 3.34-0.75 3.810.86 |2.7+1.6 5.14.7 0.57+0.14 Ca/Fe 1.05-0.26 Ca 6.41 ments, but that likely stellar winds and SN type Il have beemenimportant in enriching the nucleus of Mrk 509
Fe/O 0.85:0.06 0.8%0.05 0.79-0.08 |1.14+0.2 0.81 0.85+0.06 Fe Fe 7.54 | thanthe cores of clusters of galaxies.

@ Values without error bars denote that they were kept frozbedest fit discrete AMD model of the RGS
spectrum.
b Logarithmic proto-solar abundances of Lodders & Palme $208here H has a value of 12.
“ Frozen to the value obtained for the discrete AMD model.

3 Discussion
The relative abundances determined with the different ousttagree with each other, as do the RGS and LET
measured relative abundances. The only significant difter@ccurs for the Ca/O abundance ratio. In the sp
trum only Ca XIV is detected, and this line is contaminatedabgorption from Galactic N VII Ly absorption.
Considering that th&abs component is more reliable in fitting weaker and blendedufest than thes| ab
component, we prefer theabs determined relative abundance for the Ca/O abundance ratio

We compared our relative abundances with the absolute abeed measured in Mrk 279 [Arav et al. (2007,
the abundances measured near the Galactic Centre, thdicitgtptedicted from the mass-metallicity relatio
ship [Tremonti et al. (2004)], the abundances measuredhirhot interstellar medium in local galaxies, a
the relative abundances derived for three clusters of gaaxConsidering the statistical and in some ca
also systematic uncertainties, the different abundaneesedi for the different type of sources in the Gala
tic Centre, and in the case of the hot ISM and clusters of gedathe range in abundances measured
the different sources studied, we conclude that the relatundances of the warm absorber in Mrk 509
consistent with those derived by the methods above. Tablé/eé®s ghe comparison between the measu
relative abundances in Mrk 509 and three clusters of gadaxtdydra A, ®rsic 159-03 and 2A 0335+09
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