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Abstract

Aims. In this paper we present a classification of emission-linexges at intermediate and high redshifts5(& z < 1.0 for optical
spectraz 2 2.5 for near-infrared spectra), using tBa (4000 index as a supplementary diagnostic. Our goal is to compiethe
diagnostic based only on emission-line ratios from the pla of the spectra, which suffer from some limitations foe tlassifica-
tion of Seyfert 2 and composite galaxies.

Methods. We used a sample of 89 379 galaxies with a good signal-teen@io from the Sloan Digital Sky Survey (data re-
lease 7). Using the classification scheme presented in Paperclassified these galaxies with a diagnostic diagraroliing the
[O11]A5007/H3 and [Q1]A A 3726+ 3729/H3 emission-line ratios. Then we derived a supplementaryndisiic involvingDp (4000

to improve this classification, in the regions where objedtdlifferent types are mixed. To show the validity of our dpaicclas-
sification we established success-rate and contaminatians; then we compared our results to those obtained wéthetference
classification that was scheme obtained also usiag[N11]A6584, and [B]AA6717+6731 emission lines.

Results. We show that our supplementary classification based oB 4000 index allows to separate unambiguously star-forming
galaxies from Seyfert 2 in the region where they were mixeBaper I. It also significantly reduces the region where fetaming
galaxies are mixed with composites.

Key words. Galaxies: active ; Galaxies: high-redshift ; Galaxies:f8ay Galaxies: fundamental parameters

1. Introduction diagnostic uses Iq@OI]A5007/HpB) vs. log [N11]A6583/Ha)

and log[O11]A5007/HB) vs. log([SI1]AA6717+ 6731/Ha) di-
There are several existing types of emission-line galaties agrams and may be used up zaS 0.5 with optical spectro-
two main classes are star-forming galaxies (hereafter $if@) graphs. Other diagnostics have been used in the past inrtie sa
active galactic nuclei (hereafter AGN). Emission lines abe diagrams|(Heckman 19180: Veilleux & Osterbrlpck 1987; Ho kbt al
served in star-forming galaxies because gas is ionizedyoe [1997). We us¢ Kewley etlal. (2Q06) as a reference since igis th
stars. In contrast, AGN galaxies contain a supermassivekblalatest widely used diagnostic and is based on the biggest sam
hole, and their emission lines come from gas ionization lgy tiple. We refer the reader {o Kewley ef 4I. (2p06), Constantin &
light emitted from their accretion disk. AGN can be classifieVogeley [2008), and references herein for comparisonseasfeth
in several types, but we only consider narrow-line AGNs,alihi diagnostics. See al§o Groves €t &l. (2006) for a specifiusisc
can be confused with SFG, i.e. Seyfert 2 galaxies and LINEB®nN on low-metallicity AGNSs.

(I_ow-ionization nucle_ar emission-line region). W(_a do. none The second diagnostic was originally proposed by Tresse
sider Seyfert 1 galaxies because they can be easily dissingli o 5 "[T99F) and studied later fy Rola €] & (4997). This di-
from SFGs by their wide Balmer emission lines. A third clabs qgnostic is useful at intermediate and high redshift wheneso
emission-line galaxies is what we call “composites”. CoBIfES  gmjission lines used in the BPT diagnostic are no longer ob-
show emission lines which are due both to recent star foonatigapy e by getting red-shifted out of spectrographs. Laiftare
and to an AGN. et al. (2008, hereafter L04) established a classificatidngus
To classify emission-line galaxies, one may use two diagmpirical demarcation lines in the diagnostic diagram show
nostic diagrams depending on the redshift range: the fissti®n ing log([O111]A5007/HpB) vs. log([On]AA3726+ 3729/Hp),
known as the BPT diagnostic (Baldwin effal. 11981), laterigdid which may be used up te < 1.0 with optical spectrographs,
by Kewley et a. (2001) who used it to separate AGN from SFGr even atz > 2.5 with near-infrared spectrographs(where opti-
thanks to theoretical models. Kauffmann et pl. (2003a)sexVi cal diagnostics cannot be used). In Papgr | (Lamalgille[R010
Kewley's work and allowed going deeper into the classifati one of us proposed revised equations for the classificalian t
process by showing a third type of galaxies called compgsite we use in this paper. We know that the Camarkflle (2010, here-
was then again revised lpy Kewley ef al. (2006), who improvexdter L10) diagnostic implies a loss of Seyfert 2 galaxies, b
the classification of AGNs into Seyfert 2 and LINERs. Thisause of the region where Seyfert 2 and SFGs get mixed. As
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discussed in Paper I, the L10 diagnostic also cannot unambigignal-to-noise ratio, and filtered out those that do not in-
ously separate composites from SFGs or LINERs. The goalafase the averaged signal-to-noise ratio. Among otheeset
this paper is to try to solve these two limitations with a eliff data contain measurements of the equivalent widths of the
ent approach. Following the idea under the “DEW” diagnostfollowing emission lines: [@1]A5007, [Q1]AA3726+3729,
introduced by Stasinska et|d. (2006), we use@y&4000 in- [N11]A6583, [SI]AA6717+6731, B, Ha, and [Nelll]A 3969.
dex to derive a supplementary diagnosgtic. Yan pfal. (20&t¢h Balmer emission-line measurements were automatically cor
already derived a similar new diagnostic basedJon B rest- rected for any underlying absorption. The spectral coverg
frame colors. Compared to the present paper, it does suffier f SDSS is 3800-920@, and the mean resolution of the spec-
the following limitations. It is based on rest-frame coladsose tra 1800< A /AA < 2200. We also retrieved the value of the
calculation may suffer from biases from imperfé&etorrection Dn(4000) index (Balogh et gIf 1999), which were measured on
at high redshift (unless such colors are integrated dirdadin ~ emission-line subtracted spectra.
the spectra), it does not provide a distinction betweeneeyf  We filtered our data for a specific signal-to-noise ratio (in
2 galaxies and LINERs, and it does not provide a way to isequivalent width) greater than five in order to keep the sagne s
late at least a fraction of composite galaxies. Converskedit, lection as in Paper I, also eliminating data with positiveieg-
diagnostic has the advantage of only relying on the detectio lent width, which would involve absorption lines. We did aqt
[On1]A5007 and K8 emission lines. ply this selection to the [Nell}3969, which is only used as an
Our goal is to provide a diagnostic that can be used tptional measurementin the DEW diagnostic. This finallgiea
classify intermediate- or high-redshift emission-lindagées as to 89 379 galaxies. All classifications and plots presentdtis
closely as possible to local universe studies. The olderdid- paper were processed by the “JClassif’ software, part of the
nostic has already been used in various studies, such dsistar“Galaxie” pipeline available athttp://www.ast.obs-mip.
mation rates[(Maier et fl. 2009), metalliciti¢s (Mouhcine fr/galaxie/.
ROOG: |[Lamareille et gl 2006a), AGN populations (Bongiorno Throughout this paper, as in Paper I, all emission line ra-
et al.[201D)), gamma ray burst hosts (Savaglio f al. [2009), afbs areequivalent width ratios rather than flux ratios. This is
clusters |(Loubser et pf. 2009). Results provided in Paped! adone to eliminate any dependence that may exist (mainly for
here may be used to revise spectral classification of emissighe [O1]/HB emission line ratio) between the derived diagnos-
line galaxies in intermediate redshift optical galaxy f&ftsur- tic and the dust properties of the sample. Indeed, equivalen
veys such as VVDY (Le Févre et] fl. 2D05; Garilli effal. 2008)idth ratios are sensitive not to dust attenuation, but tolne
zCOSMOS (Lilly et al.| 2049), DEEPZ (Davis et|al. 2D03)atio between continuum fluxes below each lines. Considerin
GDDS (Abraham et 4l 20p4), GOODE (Balestra gf al. P01Qipi1] and HB, this parameter should not evolve strongly between
and others. We hope it will also serve as a reference for mggoialaxies with similar properties in the diagnostic diagsasven
or future high-redshift surveys involving future specti@ghs: in  if they are at different redshifts, keeping the consistevicthe
the optical, MUSE on VLT|(Bacon etigl. 2410) or DIORAMASdiagnostics (see aldo Lamareille e{ fal. 2006b; Pérez-dtont
on EELT (Le Fevre et @l. 201L0); or in near-infraredZat 2.5), et al.J200p).

EMIR on GTC (Garzon et gl. 20pp; Contini ef pl. 2D05), KMOS
on VLT (Sharples et all 2006), MOSFIRE on Keck (McLean

et al.[200B) 3. Existing classification schemes

It is worth mentioning here as a warning that Stasinskalet al

) demonstrate that a fraction — whose value is still ug-1. K06 diagnostic
certain — of the galaxies classified as LINERs or composites . N . . .
by emission-line diagnostics may be actually “retired”ayal S in Paper I, we use the a simplified version of the diagnostic
ies. lonization in such galaxies would be produced by pdSBA fr_o_m |I_<ew|ey et al. Kzoq‘?’ hereaf_ter K06) as the reference—c_la
stars and white dwarfs. The reader should therefore be awgfiation. In the two main K06 diagrams, we use the following
that galaxies that we refer to as LINERs or compositéght Jemarcation lines:
not contain an AGN| Cid Fernandes et 4l. (2011) have derived a
diagnostic that isolates this class of “retired” galaxiBsis di- log([Oi]/HB) = 0.61/[log([Nn]/Ha)—0.05+1.30, (1)
agnostic is based ondand [NII]A 6583 emission lines. It is,
however, beyond the scope of this paper to derive a simitag-di where AGNs are above this curve, and
nostic that can be used on higher redshift spectra, but itimeay
the goal of a future work. . B

This paper is organized as follows. We first present the daIPag([O”']/HB) = 0.61/[log([Nn]/Ha) — 0.47] + 1.19, 2

h I h .2), th i f ex- . .
%rt]iig 2&%%5;%?%?::\;;2?(3%@. ;)t "? %év(i_sf Tvrgzrgﬁeng %th SFGs below this curve. Composites fall between these tw

limits of the L10 and DEW diagnostics. Finally we present OlﬁlIJI:IVEelgl Mo_reov§r,|AGNs can be subclassified into Seyfert an
supplementary diagnostic in Seidt. 5. S using the line

2 Data selection log([Om]/HB) = 1.89x log([Sil]/Ha) +0.76. (3)

We used a sample of 868 492 galaxies from the SDS®yferts 2 are above this line, LINERs are below.

(Data Release 1, Abazajian ef pl. 2009, availablenatp:// Our K06 diagnostic is simplified since it does not use the last
www.mpa-garching.mpg.de/SDSS/DR7/) with redshifts be- log([O11]A5007/HpB) vs. log[O1]A6300/Ha ) diagram. This is
tween 0.01 and 0.3. Actually the sample originally corareasonable approximation since {®gA 6300 emission line is
tained measurements for 927 552 different galaxies, buttheveaker than the others, hence not detected in most inteateedi
are 109 219 duplicate spectra (twice or more), so we avand high-redshift spectra where the signal-to-noise iatigpi-
aged these duplicated measurements in order to increasecidiéy low.
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3.2. L10 diagnostic Table 1.Success chart of the L10 diagnostic, where numbers are

The L10 diagnostic has been defined in Paper I. We summarzz%g;%zabmty that a given reference K06 type goes in argive
or )

here the main equations, but we refer the reader to Paper |
details. The first equation separates SFGs from AGNSs:

reference K06 classification
log([O11]/HB) = 0.11/[log([On]/HB) — 0.92] + 0.85, (4) L10 classification SFG  Composites Seyfert2 LINERs

total 100 100 100 100
where AGNs are above this curve. The second equation sepa- S¢€Yfert2 0.08 0.19 99.27 3.81
rates Seyfert 2 from LINERs in the AGN region: SFGISy2 3.94 1.13 26.25 0.12
’ SFG 40.24 27.79 5.90 2.44
_ _ SFG/comp 55.47 55.15 0.14 2.93

log([Oni]/HB) = 0.95x log([On]/HPB) — 0.40. (5) total SFG* oy 8107 3298 se0
Seyferts 2 are above this line. Then, we define a region where LINERs 0.17 6.94 8.00 73.51
some Seyfert 2 (26% of them) are mixed with a majority of ~ LIN/comp 0.11 8.81 0.44 17.18

total LIN** 0.27 15.74 8.44 90.70

SFGs (21.5% contamination by Seyfert 2). This region, dalle
SFG/Sy2”, is located below Eq| 4 and above the line “ Union of SFG/Sy2, SFG, and SFG/comp regions.

log([O111]/HB) = 0.30. (6) ** union of the LINERs and LIN/comp regions.

Finally, we define the region where most of the compositds fal

(64% of them), even if this region is dominated by SFGs (799 NERSs regions. Most of the composites fall in the regiontf t
and also contains some LINERs (2%). This region, called “SF&10 diagnostic called SF-LIN/comp(marked by the dashed con

LIN/comp”, can be located by the two following inequalities  OUr corresponding to Ecf. 7 afid 8). SFGs and Seyfert 2 are now
separated quite well, but still there is a small region ofthé

log([OM1/HB) < —(x—1)2 — 0.1x -+ 0.25 7y diagnostic, called SF/Sy2, where they get mixed. In theoott
og([Om/Hp) < ~(x~1) X+ ’ @ left panel, it seems that most of the SF/Sy2 galaxies belmtitet
log([Om]/HB) > (x— 0.2)2—0.60, (8) K06 SFG region, and that a large number of SFG/comp galaxies

belong to K06 SFG region. LIN/comp galaxies seem to appear

with x = log([On]/HpB). Unlike in Paper I, we now divide half/half in the KO6 composites and LINERS regions.
the “SFG-LIN/comp” region for clarity into “SFG/comp” and ~ We now the compare K06 and DEW classifications (right
“LIN/comp” regions, and the separation between SFG ar@nels). We see that all KO6 LINERs are correctly classified a
LINERs is done according to Eﬂ. 4. AGNs in the DEW diagnostic. Most of K06 Seyfert 2 galax-
ies lie in the DEW AGN region as well, so that is quite satis-
. ) fying. However composites are shared in DEW SFG and AGN
3.3. DEW diagnostic regions, which confirms that composites are sort of hybrés b

The DEW diagnostic has been proposed[by Stasinska] et t41€€n AGNs and SFGs, also in terms of stellar populationssTh
[@008) and involves the DEW diagnostic diagram, showing th@ey obviously cannot be isolated in the DEW diagnostic. We
Dn(4000) index vs. the maximum (in absolute value) of th,emp_hasuze that the def_lnltlpn of SFG and AGN galaxies used in
equivalent widths ofOi1] and [Neii] emission lines. We sep- Stasinska et 4l (2006) is slightly different from the K@@sme:

arate AGNs from SFGs using it is based on the long-dashed curve shown in the bottort-righ
panel of Fig[]L (Eq. 11 of their paper). The DEW diagnostic is
Dn(4000 = —0.15X + 1.7, (9) designed to exclude only pure SFGs without any AGN contri-

bution, while according tp Stasinska e} al. (2006) gakxias-
with X' = log (max(EW[OI1I],EW[Neiil])) + 1, where AGNs are sified as SFG by K06 (and by us) would allow up to 3% AGN
above this line. This diagnostic is based w4000 index be- contribution. Composites would allow up to 20% AGN contri-
ing an indicator of the mean age of the stellar populatiohsisT bution.
it is indeed useful to separate galaxies that are dominaged b Indeed in the bottom-right panel, a non-negligible number
older stars (AGNs) from galaxies dominated by younger stay§ DEW AGNs actually belong to the KO6 SFG or composite
(SFGs). The DEW diagnostic also considers that thell[lNe regions.However, we also note conversely that a non-ribtgig
emission line may be stronger than tf@] emission line in number of DEW SFGs contaminate the KO6 composite and
AGNSs. Thus, it should be used as a good additional tracer #&GN regions. The DEW diagnostic actually fails to complgtel
AGNSs in low signal-to-noise ratio surveys. exclude all pure SFGs.

3.4. Summary 4. Limits of the L10 and DEW classifications

Figureﬂ shows how the different types of galaxies (accardiry ; nation ch
to KO6) appear in the high-redshift diagrams (top panels) an™™" Success and contamination charts

how the high redshift classifications appear back in one ef tithe success chart consists in classifying galaxies fronsaun-
K06 diagnostic diagrams (bottom panels). In all panels, 8F&5 ple according to the reference, then associating a pratyafoit
plotted in blue, Seyfert 2 in green (except in the bottonttrigeach type of galaxy (AGN, composite, or SFG) to be classified
panel where green points stand for all types of AGNs), LINER®rrectly in the new diagnostic. The contamination chavsised

in cyan, and composites in magenta. The L10 diagnostic (Ieft the same principle as the success chart, except this tene w
panels) implies several regions where different types tEhges classify galaxies according to the new diagnostic, and then
get mixed. Seyfert 2 region and LINERS region are now quitalculate the probability that the galaxies classified astgpe
well defined, but we see composites falling in the SFGs aige actually of that same type according to the referend:ﬂeﬂa
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SF/Sy2.1n bottom-right panel, the long dashed line is thendary between SFG and AGN used|by Stasinskal gt al.

P; Orange:
(2006).

Table 2. Contamination chart for the L10 diagnostic, wheréation by other types, in the L10 SFG, Seyfert 2, and LINER
numbers are the probability that a given L10 type actualgnig
of the reference K06 types.

reference K06 classification

L10 classification total SFG Comp. Seyfert2 LINERS
Seyfert 2 100 2.73 1.29 86.71 9.28
SFG/Sy2 100 74.05 4.30 21.48 0.17

SFG 100 86.90 12.17 0.55 0.38
SFG/comp 100 82.96 16.72 0.01 0.32
total SFG* 100 8410 14.38 1.19 0.34

LINERs 100 2.28 19.40 4.80 73.51
LIN/comp 100 3.37 56.57 0.61 39.46
total LIN** 100 261 3068 353 63.18

* union of SFG/Sy2, SFG, and SFG/comp regions.
** union of the LINERs and LIN/comp regions.

regions.

If we take a look at AGNs, we notice that almost 60% of KO6
Seyfert 2 galaxies are successfully classified as L10 Se3fer
Moreover 26% belong to the L10 SFG/Sy2 region, which would
give us a total of more than 85% of K06 Seyfert 2 galaxies be-
ing classified as Seyfert2 with the L10 diagnostic. Howetres,
contamination chart shows that the L10 SFG/Sy2 region is-act
ally made up of only 21% K06 Seyfert 2, which means it cannot
be used to reliably look for additional Seyfert 2 galaxiebigh-
redshift samples. The Seyfert 2 region itself shows a veny lo
contamination (13%) by other types.

Most K06 LINERSs (74%) are also successfully classified as
L10LINERSs, and 17% belong to the L10 LIN/comp region. That
gives a global success rate of 91% for LINERs. As alreadgdtat
in Paper |, these results are much better than results pedduc
by the former LO4 diagnostic; however, the contamination by

shows the success chart of the L10 diagnostic. It revealia reeomposites in the LIN/comp region is not negligible. Onl\40
tively satisfying spread of composite galaxies and AGNglms of the L10 LIN/comp objects actually are KO6 LINERs, and 57%
the different types defined. Tahle 2 shows the associatddmeen are KO6 composites. That gives a global 37% contamination in
ination chart. We notice quite good efficiency, i.e. low @nt

the union of the L10 LINERs and LIN/comp regions.
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Table 3. Success chart for DEW diagnostic 4.2. AGN counts
reference K06 In (_)rder to explore the limitations of L10 and DEW classifi-
DEW SFG Composites Seyfert2 LINERs cations of AGNs better, we now count the number of AGNs
total 100 100 100 100 (Seyfert 2 and LINERS) as a function of the ionization state,
SFG 94.95 38.08 20.24 216 roughly given by the logOii]/HB) emission-line ratio. To
AGN  5.05 61.92 79.76 97.84 achieve this test, we divide the K06 or L10 diagnostic diatga

in equal horizontal slices, and then in each slice we coumt th
number of AGNs. Figur§]2 shows the absolute and difference
counts (relative to KO6) obtained with, from left to righhet
following classifications: L04, DEW, L10, and the present pa
per’s diagnostic (see Setﬂ. 5 below). In each panel, thdtsesu

Table 4.Contamination chart for DEW diagnostic

reference K06 are compared to the actual count of AGNs according to the ref-
DEW total SFG Composites Seyfert2 LINERs erence K06 diagnostic
SFG 100 91.56 7.44 0.85 0.15 - i . . .
AGN 100 17.94 4457 1232 o5 17 We confirm, as stated in Paper I, that the L04 diagnostic

tends to underestimate the amount of AGNs, even when in-
cluding LO4 candidate AGNs, and that a very high number of
AGNSs (mainly LINERS) are lost in this diagnostic. However,

we can put this effect into context thanks to Hip. 2, as we see

Finally we confirm the conclusion of Paper | from theséhat it only becomes significant for I¢gni|/HB) < 0.9, or
two tables, which is that the L10 diagnostic is very efficiedegd([Onl]/HB) < 0.7 if we include candidate AGNs. For AGNs
for SFGs. If we consider the union of the L10 SFG, SFG/Syith a high ionization state, the L04 diagnostic indeed giver-
and SFG/comp regions, the success rate is 99.7% and the d6ft results.
tamination by other types only 16%. This low contaminatign b ~ Figure[P also shows that DEW and L10 classifications are
composite galaxies and AGNs, in particular in the SFG/Sy® adoing quite well by following the KO06’s curve almost exactly
SFG/comp regions, has been shown to not critically bias SF@ log([Oi]/HpB) 2 0.25. In both cases, we notice an underes-
studies such as metallicity. Lamareille gt &l. (4009), fstance, timate of the number of AGNs for.25 < log([Oin]/HB) < 0.7,
performed such tests using the L04 diagnostic, i.e. withveme where this effect is more significant for the L10 diagnostic
more contamination by AGNs in the SFG region. than for the DEW diagnostic. Nevertheless, the DEW diagnos-

TabledB anfl4 show the success and contamination chart§®flearly overestimates the number of AGNs in low ioniaati
the DEW diagnostic. Again, the results are very good for SFG#ates, i.e. mainly LINERs (lagOni]/HB) < 0.25). In this re-
with a 95% success rate, and only an 8% contamination, l€gn, the L10 diagnostic, in contrast, satisfyingly follewhe
than for L10. Still, this better contamination chart for SF@es KO06's curve, with a small underestimate.
not drastically reflect a worse success rate for AGNs. The suc Unfortunately, including the SFG/Sy2 and LIN/comp re-
cess rate is indeed 80% for Seyfert 2 and 98% for LINERs. Tlgéons does not help. It makes a peak of galaxies at
DEW has in fact greater ability to separate SFGs from AGNed([Oi1]/HB) ~ 0.4 appear that does not fit the reference pro-
than standard diagnostic diagrams as in K06 or L10 classfile, while in alower ionization state the number of AGNs iswo
cations. However, the main limitations of the DEW diagnoslearly overestimated. Those two effects are from the hat ¢
tic clearly appear from the contamination chart regardifgyD tamination of the L10 SFG/Sy2 region by K06 SFGs and of the
AGNs. The DEW AGN region is actually made up of only 37%.10 LIN/comp region by K06 composites.

K06 AGNSs. There is indeed a high contamination by 18% K06

SFGs, much higher than with the L10 diagnostic (less than 3%

in the Seyfert 2 and LINERs regions). Moreover, the DEW AGIS. The supplementary M11 diagnostic

region is contaminated by 45% K06 composites, to be compared . . .

to 30% for the L10 LINERSs, and only 1% for the L10 Seyferfigure[3 shows four regions where galaxies of different sype
2. As one can see in Fif] 1, composites get completely cdaecording to the reference KO6diagnostic) are confusetién
fused with Seyfert 2 and LINERS in the DEW diagnostic, whilé?d([O111]A5007/HB) vs. log([OnJAA3726+ 3729/HB) dia-
they are rather confused with SFGs in the L10 diagnostic. Vgéam. It shows also in its center and right panels how these
do note that this contamination is explained mainly by tre fadalaxies behave in thie,(4000) vs. max EW[OI ], EW[Neii ])
that{Stasinska et o[ (2006) use a different definition c6SEnd diagram. From top to bottom, the four studied regions are
AGN galaxies (as discussed in S¢ct] 3.4 above). Indeed, W DESFG/Sy2, SFG/comp, another SFG/comp region not defined in
diagnostic’s philosophy, it should not be considered asam*c the L10 diagnostic but where a non negligible number of the
tamination” but as a “contribution” of an AGN to star-forngin COmMposites (25%) are still mixed with SFGs, and LIN/comp.
galaxies. Finally, the DEW diagnostic does not allow any dis

tinction between SeyferF 2 ar-1d LINERs. 5.1. The SFG/Sy2 region

Regarding the classification of SFGs, we conclude that one
should use the L10 diagnostic for its very high success rade dn the L10 SFG/Sy2 region (see F[g. 3 top), K06 Seyfert 2 and
DEW diagnostic for its lower contamination. About AGNSs, ot SFGs are confused. It is unfortunately obvious in the bottom
advantages of the L10 and DEW diagnostic diagrams may le#t panel that the DEW diagnostiioes not separate the two
put together to provide a better diagnostic, which is thd gba classes of objects correctly in the L10 SFG/Sy2 region. We th
the present paper. We emphasize that we did not use the DEWpose a new demarcation line to separate K06 Seyfert 2 from
diagnostic itself for our own classification. We only useeé thSFGsyvalid only in the L10 SFG/Sy2 region, with the equation
DEW diagram to derive a new diagnostic where it is needed (see
Sect[4.P below). Dn(4000) = 0.22 x log(max(EW[OI1], EW[Nelll ])) +0.97.(10)
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Figure 2. Comparison between the number of AGNs (Seyfert 2 and LINERghted with different calibrations at high redshift, as
a function of lod[O111]A5007/HB). From left to right, the calibrations used are L04, DEW, Lp@ger I), and the present paper.
Top panels show absolute counts. Bottom panels show diifereounts. In each panel, the reference counts establigtiethe
K06 diagnostic are shown in red, and the counts obtained thérigh-redshift diagnostic are shown in black. The graghed
lines show the results when including “candidate” regia@esfor L04, L10, and the present paper’s classificatioasdadate AGNs
region; SFG/Sy2 and LIN/comp regions; LIN/comp region.

Table 5. Success chart for the supplementary M11 diagnostic 8FG/Sy2 region is made of 3.1% SFGs above the line defined
the L10 SFG/Sy2 region. by Eq. and 0.9% Seyfert 2 below it.

reference K06 .
VT SFG Seyferi2 5.2. The SFG/comp region
total 100 100 The L10 SF/comp (see Fif} 3 second line) contain composites,
SFG 99.10 3.10 SFGs, and very few LINERs. Following the optimization pro-
Seyfert2 090  96.90 cedure explained above, we find the following equation which
separate as many SFGs as possible from composites:

Seyfert 2 would fall above this line, SFG below.The slope a _
zero point of this line have been optimized by minimizing onr§”(4000) = ~0.11xlog(max(EW[ON], EW[Nei])) +1.4,(12)

grid the following function: where SFGs are below this line. Since SFGs dominate the sam-
2 2 2 A2 2 ple, the region below this line is composed of 98% SFGs.
X = (1_SA) +(1-%)"+(C)7+(Ce)%, (11) Conversely, the region above this line is still a mix between
whereS®, Ss, CA, Cg are the success rate for AGN above the d&2FGS (59%), composites (36%), and a few LINERs (4%). We
fined line, the success rate for SFG below the line, the conta@in applied the optimization procedure but now only agersi
ination by SFG above the line, and the contamination by AGI€ latest region, in order to isolate pure composites adrasc
below the line (all values between 0 and 1), respectivetieéd, POSSible. We obtain:
we want to maximize the success rates and minimize the ceg- _
tamination at the same time above and below the defined ";%_(4000) = —0.17xlog(max(EW[On],EW[Neii])) +1.75,(13)
The grid is done in @1dex steps in both slope and zero pointvhere composites are above the line, SFG/comp below it (i.e.
To minimize computer time, limits on this grid are defined bpetween the two lines).
eye. Tables[p and]7show the success chart and the contamina-
We have established the success of our new diagnostic in tlee chart of the supplementary M11 diagnostic, in the L10
L10 SFG/Sy2 region (see Taljle 5). This chart shows that our ®&FG/comp region. From all the K06 SFGs present in this re-
marcation line works almost perfectly and can be used in thgibn, 64% are now correctly classified as SFGs, another 36% be
area. We have now correctly classified almost all actuale&gyfing still ambiguously classified as SFG/coiitps unfortunately
2 in our sample: 97% of those in the L10 SFG/Sy2 region ampossible to increase this success rate without misclassifying
classified as Seyfert 2. Given that 59% of the K06 Seyfert 2 foo many KO6 composites as SFGs. Only 14% of KO6 com-
the whole sample were already correctly classified, and 26%jpmwsites could be isolated. Newly isolated SFGs are notfsigni
them classified as L10 SFG/Sy2, this increases the global sisantly contaminated by KO6 composites (2%), and neither ar
cess rate to 85%. This is the best success rate one can ojptaithle newly isolated composites by KO6 SFGs (6%). The majority
combining L10 and DEW diagrams. The contamination in thef the KO6 of composites (81%) are still ambiguously clasdifi
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Figure 3. Left: In the log([On1]A5007/HB) vs. log([O11]AA3726+ 3729/HB) diagram, the different regions where galaxies of
different types are mixed (color-code according to theregfee K06 diagnostic). The curves are the ones from the Leilag(2010)
diagnosticCenter and right: The same points as in the associated left panels, but ndw w4000 vs. maxEW[OI11],EW[Neil [y
diagram. For clarity, we plot the different types in two pksrighe solid lines show the adopted demarcation lines éseédr details).
The dashed line in top-right panels is the separation addpt{Stasinska et al. (2406).
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Table 6. Success chart for the supplementary M11 diagnostic Table 9. Contamination chart for the supplementary M11 diag-
the L10 SFG/comp region. nostic in the additional region of the L10 diagnostic wheF&S
are mixed with composites.

reference K06

M11 SFG LINERs composites reference KO6

total 100 100 100 M11 total SFG composites

SFG 63.69 3.47 531 SFG 100 96.39 3.61
composites  0.19 70.14 13.95 composites 100  14.50 85.30
SFG/comp  36.12 26.39 80.74 SFG/comp 100 42.08 57.92

Table 7. Contamination chart for the supplementary M11 diag- ) ) o
nostic in the L10 SFG/comp region. also managed to isolate 62% of the KO6 composites falling in

this region, which is an improvement compared to the L10-diag
nostic. Conversely, 12% of the KO6 composites are now unfor-

reference K06

M11 fotal SFG LINERs composites tunately misclassified as SFGs. This is still an improvemesst

SEG 100 98.30 0.02 167 recall that 100% of the KO6 composites in this region used:to b
composites 100  5.85 8.21 85.93 classified as SFGs with the L10 diagnostic. Most of them (62%)
SFG/comp 100 68.81 0.19 31.00 are now classified as composite galaxies, and another 25% are

still ambiguously classified as SFG/comp. The composites de
Table 8.Success chart for the supplementary M11 diagnostic §fed in t{)"s regllon a(;e cr(])ntamlr;ated by }5% KngSFS;, m"Ch
the additional region of the L10 diagnostic where SFG areehix may not be neglected. The SFG/comp galaxies defined in this re
with composites. gion are made of approximately half KO6 SFGs (42%) and half

K06 composites (58%).
reference K06
M1l SFG _ composites 5.4. The LIN/comp region
total 100 100 _ . .
SFG 92.10 12.69 Flgureﬂs (bottom) shows the LIN/comp region of the L10 diag-
composites  2.90 61.97 nostic in the DEW diagnostic diagram. It is clear that thia-di
SFG/comp  5.00 25.34 gram cannot be used to isolate LINERs cleanly from compssite

Indeed, one may argue that LINERs are more concentrated on

the top and composites on the bottom of the diagram, so we pro-
as SFG/comp. The best reason to use this diagram is clearlygose a straight line d,(4000) ~ 1.75 as a separation. Using
isolating SFGs. The SFG/comp region is now made of 69% K@4is line we find, however, 61% LINERs and 39% composites
SFGs and 31% K06 composites, which is more balanced tharatiove, 28% and 72% below respectively, which is unsatisfac-
Paper | (respectively 83% and 17%). tory. Thus, we do not update the LIN/comp region as in Paper |I.

5.3. Additional region of composites mixed with SFGs 5.5. Discussion

We define a last region where K06 composites are mixed withigure[$# shows our supplementary M11 diagnostic combined
K06 SFGs in the L10 diagnostic. Itis located below the SF@/Swith L10 diagnostic, in one of the standard K06 diagnostic
region, and above IO@OIIIéASOOWHB) > —0.4, excluding the diagrams. The left panel looks pretty good: SFGs Seyfert 2,
SFG/comp region (see Fig. 3 third line). Even though we can SEINERs, and some composites lie almost perfectly in the cor-
that these KO6 SFGs are mostly spread over the bottom rightrett corresponding regions of this diagram. In contrastright
the DEW diagnostic diagram and K06 composites are slightiand panel shows the limitations: objects that are still igonb
above, there is still a small area where they get together.  ously classified or as SFG/comp or as LIN/comp. Anyway, com-
Following the same optimization procedure as above, vgairing Fig.[} to the bottom left hand panel of iy 1, we see a
first fit the optimized demarcation line between pure SFGs abiar improvement.
SFGs mixed with composites: Tables[1p andl 11 establish new contamination and success
charts in order to get a more precise measurement of this im-
Dn(4000 = 0.44x log(max(EW[ONI], EW[Neil])) +0.72,(14)  provement. Success chart shows that 1% of K06 SFG are clas-
|%fied in a region where they are not supposed to be. KO6 com-
osites are predominantly found in the SFG/comp region (51%
an in the composite region (23%). This is an improvemeat ov
géper [, but it shows that neither the L10 nor the DEW diagrams
are really good at identifying composites at high redski@i6
D (4000) = —0.37x log(max(EW[ON], EW[Nelll]))+1.66,(15) Seyfert 2 galaxies and LINERs have a high success rate respe
tively 85% and 74%), which is for Seyfert 2 galaxies a really
where composites are above this line, and SFG/comp belovg@tod improvement compared to Paper |. For KO6 LINERs, the
(i.e. between the two lines). We finally add the remainingedix success rate increases to 91% including the LIN/comp, bat on

where SFGs are below this line. As in previous section, the
gion above this line contains a mix of SFGs (25%) and comp
ites (75%). In this region, we fit another optimized demaocat
line between pure composites and composites mixed with SF

galaxies to the SFG/comp type. has to be aware that this region is actually made of only 39%
Tablegp anfl9 show the success and contamination chart&86 LINERs and is dominated by 57% K06 composites.
the supplementary M11 diagnostic in this last region. OK&lb Nevertheless, one can conclude from the contamination char

SFGs present in this region, 92% are now correctly classifigdat SFGs, Seyfert 2, and LINERs are not significantly coatam
and another 5% are ambiguously classified as SFG/comp. WWating each other. The main contamination comes in allsase
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Table 10.Overall success chart for the L10 and M11 diagnosticsovered by the fiber. However, one can see in ﬁig. 3 that only ob
jects withD»(4000 < 1.5 could change their classification with

reference K06 a significant aperture effect. Looking at Fig. 16 in Kauffman
L10/M11 SFG Composites Seyfert2 LINERs et al. (2003p), we see that those objects do not actuallgisuff

total 100 100 100 100 from a strong aperture effect. We conclude that our diagnisst
SFG 77.97 8.92 0.92 0.10 not biased by this effect.
SFG/comp  20.99 50.97 0.47 0.98 Finally, we invite the reader to take a look at the right hand
composites  0.66 23.44 5.46 4.30 panels of Fig[]2. It shows the AGN counts obtained with our new
SLIeNnyeSSZ 8'1172 gé’j’ 24(')31 73'?3 supplementary M11 diagnostic combined with L10 diagnostic
: ' ' : We clearly see that the diagnostic derived in the preserdrmiap
LIN/comp 0.11 8.81 0.44 17.18
T the one that follows the reference K06 curve more accurately
total S°G 98.9 °9.88 1.39 1.08 There are still problems for ldgOni]/HB) < 0.25, which is
total LINERs? ~ 0.27 15.74 8.44 90.70 . pro dgoi]/Hp) < 0.25, which is
total comp® 2175 83.22 6.38 29 46 normal since we did not manage to qhar)ge the classification of
: . . . : LINERs by adding the DEW diagnostic diagram.

1 SFG+SFG/com
2 LINERs+LIN/comp
3 composites+SFG/comp+LIN/comp. 6. Conclusion

Table 11.Overall contamination chart for the L10 and M11 diBY adding the M11 diagnostic to the L10 diagnostic derived in
agnostics. Paper |, we now have a very goo_d cIaSS|f|(;at|on of emissioa-li _

galaxies that can be used on high-redshifts samples. The mai
improvements compared to Paper | are

reference KO6
L10/M11  total SFG Composites Seyfert2 LINERs_ The unambiguous classification of objects in the former

SFG 100 97.68 2.26 0.05 0.01 SFG/Sy2 region as SFGs or Seyfert 2.
cSoFrSpﬁggiTeg i% ‘:13(15'2% %'g? g'gg g'zg — The unambiguous classification of some of the objects in the
Seyfert 2 100 273 4.42 86.20 6.66 SFG/comp region as SFGs or composites (where no com-
LINERS 100 2.28 19.40 4.80 73.51 posites at all were found in Paper ).
LIN/comp 100 13.37 56.57 0.61 3946 — A better definition of the SFG/comp region, which leaves
total SFGL 100 75.83 15.37 330 550 fewer possible composites not flagged as such. We empha-
total LINERS 100 261 30.68 353 63.18 size again that this region is in any case dominated by SFGs.
I total comp2 100 53,67 4163 0.68 402 No improvements could have been done in the LIN/comp region,
) EII’:\IGEJrRSFG/com which is left unchanged compared to Paper I.
3 s+LIN/comp In order to use the diagnostic derived in this paper, one
composites+SFG/comp+LIN/comp. should follow these steps.

1. Classify objects in the IogOni]A5007/HB) vs.
from composites: 33% in the SFG/comp region, 19% in the 10g([ON]AA3726+3729/HB) with the L10 diagnostic

LINERs region, and 57% in the LIN/comp region. It is con-  derived in Paper | (see also equations in Sec}. 3.2).
versely very low in the SFG and Seyfert 2 regions. 2. Classify objects falling in the SFG/Sy2 region as SFGs or

One could worry about aperture effects. Indeed, SDSS spec- Seyfert 2 using E. 10. _
tra are based on 3” fibers. This may end in overestimatéd Isolate objects falling the the SFG/comp region as

Dn (4000 values for close objects where only the central bulgeis (a) SFGs using Eclj.z, and
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(b) composites using Ef.J13.

4. Define a new SFG/comp region inside the SFG region
ing log([On1]A5007/HB) > —0.4, so inside this new region
isolate
(a) SFGs using Eq. ]L4, and
(b) composites using Efj. JL5.

In both points (3) and (4) above, objects not classified assSF
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vite the reader to look at the “JClassif” software (avaiaht:
http://www.ast.obs-mip.fr/galaxie/), which performs

these steps automatically on any sample, as well as othmiclat

fication schemes.

Table may be used as a probability chart showing whet
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fication to higher redshifts whef®111]A5007 and H8 emission
lines get red-shifted out of the spectra¥ z < 1.5 on opti-

cal spectra). To that goal one may use the equations provi
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