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Abstract

Aims. We study the spectral classification of emission-line gakaas star-forming galaxies or Active Galactic Nuclei (A&N-rom
the Sloan Digital Sky Survey (SDSS) high quality data, werdeéin improved classification to be used for high redshitixgab
Methods. We classify emission-line galaxies of the SDSS accordinth¢olatest standard recipe using! A 5007, [N1]A6584,
[Sn)A6717+6731, Hr, and H3 emission lines. We obtain four classes: star-forming dataxSeyfert 2, LINERs, and com-
posites. We then examine where these galaxies fall in the blagram used at high redshift (i.e. log({QA5007/H3) vs.
log([ONJAA3726+3729/H8).

Results. We define new improved boundaries in the blue diagram forfetaning galaxies, Seyfert 2, LINERs, SF/Sy2, and SF-
LIN/comp classes. We maximize the success rate to 99.7%héodéetection of star-forming galaxies, to 86% for the SeyZer
(including the SF/Sy2 region), and to 91% for the LINERs. W®aninimize the contamination to 16% in the region of starfing
galaxies. We cannot reliably separate composites frorfataning galaxies and LINERS, but we define a SF/LIN/comparegvhere
most of them fall (64%).

Key words. galaxies: fundamental parameters

1. Introduction With the high quality Sloan Digital Sky Survey Data Release
7 (hereafter SDSS DR7) data, it is now possible to revisit the
Spectral classification of emission-line galaxies at lodsteft blue diagram, and to derive new equations more compatilkhte wi
is now routinely done with high quality calibrations. Usiag the Iat_est red cIa_ssification by Kewley ef E-hl' (-ZIOOG) _tha -
set of five strong emission lines — (OA5007 [NI]);6584 given in[Lamareille et 41| (2004). We derive in particulatliis
g ’ ' paper more precise boundaries between the star-forming and

[Sullls!:;]\ 23;7;?;?# H;’Iaiir:ads |_SBe ;értoge aﬁggiers,ehfgxlgtﬂwn_ AGN regions, new boundaries for the regions where AGNs or
9 99 » OCY 9 ’ composites are mixed with star-forming galaxies, and navaeq

Nuclear Emission Region (herez?\fter LINER, spe_Heckm ns to distinguish between Seyfert 2 galaxies and LINERS i

198(0), and composite galaxies with both star-forming Yo, biue diagram

and an active galactic nucleus (hereafter AGN). The eqgustio 9 i e . .
All spectral classifications, associated numbers, and fig-

to do such classification have been derived successweli\by Sures presented in this paper have been done withi@hassif

= - = : u
eral authors[(Baldwin et . 198, Vellleux & Osterbr gl( %% pectral classification pipeline, which is freely avaitabt the

ollowing website: http://www.ast.obs-mip.fr/users/

flamare/galaxie/. This paper is organized as follow: we re-
At redshifts greater thanz ~ 0.4, the [NI]A6584 call the current classification scheme in Sﬂct. 2, and appty i

[SI1]A6717+6731, and H emission lines get redshifted out of>DSS DR7 data. Then, we define our new improved classifica-

the wavelength range of all major optical spectroscopiceys. tion for high Fed??hift galaxies in Secﬁ. 3. .Fin_allylwe show an
Therefore, diagnostic diagrams need to based only on emqggmple application our of our new classification in Sﬂct. 4,

sion lines observed in the blue part of the spectrau J@5007,

[O11]AA3726+3729, and B. Such diagrams, which have bee .

used in the past e.g. py Tresse atﬁ 994) or Roid dt alfj19%- The current classification scheme

and which we call the “blue diagram”, have been recently-stud ; p.:5 selection and the red classification

ied again by Lamareille et hI[ (2004). The latter have dekive

from the 2dFGRS data, equations to distinguish star-fogmiWe use SDSS DR7 emission-line measurements of 868 492
galaxies from AGNs. They have also shown that a region egalaxies in the redshift range.®< z < 0.2. These data
ists in this diagram where both star-forming galaxies andN&G are available online at the following address:tp://www.

fall (hereafter the “uncertainty region”) and thus cannetdis- mpa-garching.mpg.de/SDSS/DR7/. The measurements are
tinguished. available for 927 552 different spectra, of which 109 21#ee

Kewley et al|2001} Kauffmann et @l. 20d3; Kewley €
among others).



http://www.ast.obs-mip.fr/users/flamare/galaxie/
http://www.mpa-garching.mpg.de/SDSS/DR7/
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Figure2. This is the reference “red” classification of emission-ligalaxies at low redshift. The two diagnostic diagrams
show the relation between two line ratios: log(iQA 5007/H3) vs. log([Nil]A6584/Hx) (left) and log([Q]A5007/H3) vs.
log([SN1AA6717+6731/Hr) (right). Star-forming galaxies are shown in blue, comfEssin magenta, Seyfert 2 in green, and
LINERs in cyan. The red curves show the empirical or thecattseparations: the solid curve (left and riqhtl is Kewle\aﬂz
(001), the dotted curve (left) s Kauffmann e} al. (J00BE horizontal line (left) i§ Veilleux & Osterbrdck (1987nathe solid
line (right) is|Kewley et a.[(2006).

der to increase the signal-to-noise ratio. Measurementshwh
do not increase the averaged signal-to-noise ratio havedise
carded. We select emission-line galaxies with the follapygni-
terion: the signal-to-noise ratio in the equivalent widthtlve
emission lines used in our study must be greater than 5. The
necessary emission lines to derive a spectral classificatitow
redshift are [M1]A5007, [N1]A6584, [SI]A6717+6731, H,
and H3. We also need the [QAA3726+3729 emission line
which will be used to derive our new high redshift classifica-
Ll I I tion. We end up with 89379 emission-line galaxies with the
0.1 0.2 0.3 desired minimum signal-to-noise ratio. We sort these gasax
redshift into four classes according o Kewley e} &lI. (2006) clasaiiin
T scheme. We end up with the following numbers: 67 778 star-
forming galaxies, 2949 Seyfert 2, 4912 LINERs, and 13740
composites. FigurE 1 shows the redshift histograms of the fo
classes of emission-line galaxies. We find that the targasbgee
ulation has the same dependence on redshift for each oftine fo
classes, with a peak aroud- 0.07, except for the LINERS,
whose proportion increases at low redshift as comparedeto th
other classes. This possible bias has to be noted, evendég d
not affect the classification derived in this paper that ispre
0.2 0.3 marily based on relative proportions between classes.
redshift
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Figure[? shows this classification in the standard BPT di-

Figurel. Redshift histograms of our data samliep: The solid agrams. In the left diagram, we remark the difference be-
line is for the whole sample, the dashed-dotted line is far-st tWeen the old classification of Seyfert 2 and LINERs (Veileu

forming galaxiesBottom: The solid line is for composites, the& Osterbrock[1987) and the new one defined by Kewley

dashed line for LINERSs, and the dashed-dotted line for Seyfét al. {200p). The right diagram cannot be used to distin-
2. guish star-forming galaxies from composites, which falthe

same region of this diagram. This effect has been clearly ex-

plained by[Stasinska et]all (2006) with photoionizationdmo
are duplicated (twice or more) observations of the samexgalaels: the [Q11]A5007/H3 vs. [NII]A6584/Hx diagnostic dia-
We have averaged the measurements of duplicated spectra irgoam is the only one where composites and LINERs clearly
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lead them to choose an empirical separation that goes more to
the right of the blue diagram than necessary.

Nevertheless, the empirical separation defined by Lantareil
et al. {200¢) from 2dFGRS data (the solid curve) does not
follow the actual boundary between star-forming galaxied a
AGNSs, as seen with SDSS DR7 data. This separation may then
be improved. We may also define a new uncertainty region,
and a separation between Seyfert 2 and LINERs. The compos-
ites cannot be distinguished from star-forming galaxi@s;es
they fall in the same region of the blue diagram. As mentioned
above, this trend is also present in the log([{\5007/H3)
vs. log([SI]AA6717+6731/Hr) diagnostic diagram (see Fiﬂ. 2
right). Unfortunately, it cannot be avoided at high redslifth-
out the [N1]A 6584 emission-line measurement.

The red classification is not sensitive to reddening since
it uses ratios of emission lines which are close in wave-
length. Conversely, the blue classification uses a line rati
[ONJAA3726+3729/H8 — involving two lines which are not
close in wavelength. Using equivalent widths instead ofeffyx
as in this paper, removes direct dependence on reddenitig. St

. L Ly Ll the reddening does not impact exactly in the same way the
-1.0 0.0 1.0 2.0 flux of emission lines and the flux of the underlying stel-

log([OI]AN3726 + 3729/H)3) lar continuum. There is thus an indirect dependence of the
[ONJAA3726+3729/18 line ratio with reddening when calcu-
Figure3. The “blue” classification of emission-line galax-lated with equivalent widths. Anyway this dependence isitiye
ies at high redshift. The diagnostic diagram show the rgeduced as compared to ratios of line fluxes.
lation between two line ratios: log([@]A5007/H3) vs.
log([O11]AA3726+3729/H8). According to the red classification . cpe s
(see Fig[R), star-forming galaxies are shown in blue, canpc: | he improved classification

ites in magenta, Seyfert 2 in green, and LINERs in cyan. Thge now define the new improved blue classification of emission
red curves show the empirical separations defined by Laftearejine galaxies. Figurfl 4 shows how the objects of differemsses,

et al. (2004): the solid curve is the separation between statcording to the red classification, fall in the new blue diag,
forming galaxies and AGNs, the dashed curves show the uncer-

tainty region.
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3.1. The new star-forming — AGN boundary

. ] We define a new boundary that follows more precisely the
feparate f_rom”star—formmg gaIa_X|es thanks to the soetallgtar_forming galaxies region, as did Kauffmann et Rl. (003
seagull wings”. The same applies to LINERs and compogpmpared to the[ Kewley et Jal.[ (2001) boundary in the

ites which are not clearly separqted in thel[p\ 5007/H3 vs. log([On11A5007/HB) vs. log([NIl]A6584/Hx) diagnostic dia-
[SI1]A6717+6731/Hr diagnostic diagram. Un“ﬁ al.gram. According to the old blue classification, 87 324 galaxi

(00§), we did not classify as “ambiguous” the compositgere classified as secure or candidate star-forming galaBist

which fa”.|n the LINERS reglon., since this latter d|agrannm 19% of them are actua”y not Star-forming ga|axies acc(g‘dﬁn

accurate in separating composites and LINERs. the red classification. We can reduce this contaminationdy e
cluding almost all LINERs and most of the Seyfert 2 with a more

2.2. The blue classification conservative s_eparatlon. L T

The equation that minimizes the contamination is :
We now derive the blue classification and sort the emission-| 0.11
galaxies into one of the four classes defined by Lamareild| et log([Om1]/HB) = oo O /H 092" 0.85. (1)
[©004) with the following result : 83654 secure star-forgiin 0g([Ou]/Hp) —0.
galaxies, 699 secure AGNs, 3670 candidate star-formiraxgal It corresponds to the solid curve in Fig. 4. Star-formingagal
ies, and 1 356 candidate AGNSs. ies are below this curve, AGNs are above. The contamination i

Figure[3 shows where the galaxies classified with the réinimized to 16%. The minimization was done by eye, keeping
classification fall in the blue diagram. The weaknesses ef tift mind to maximize at the same time the success rate. Flgure 3
blue classification as compared to fhe Kewley ptfal. (R0G&)-cl that a majority of composites and a number of Seyfert 2 can-
sification scheme applied on the same data are evident if§ Fighot be excluded from the region of star-forming galaxiescivh
thanks to the high quality of SDSS’s line measurement saéiyva€xplains why the contamination cannot be zero. We check that
and to our signal-to-noise cut. The blue classificationémdy 99.7% of the star-forming galaxies, according to the redsita
strongly biased against LINERs, which are classified fontiae ~ fication, are correctly classified with the new blue clasatfan,
jority of them as star-forming galaxies or candidate starding Which is quite satisfactory.
galaxies in the blue diagram. The uncertainty region isallstu
dominated by AGNSs (83%), while a non-negligible number . .

Seyfert 2 and LINERs (38%) are misclassified as “secure* st(;;\§r'2' The mixed regions
forming galaxies. Composites were classified as star-figmiEven if almost all star-forming galaxies can be correcthssi-
galaxies by Lamareille et pll (2004) on 2dFRGS data. This hfiesd using the blue diagram, we know that all star-forminggal
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ies classified according to the blue classification are nitadc Table 1. This table gives the number of galaxies in each class
star-forming galaxies. As shown in the right panel of Fﬂg 4f the reference classification (columns) as a function chea

a non-negligible number of Seyfert 2 galaxies fall into tke r class of the new blue classification (lines). Please notetiiga
gion of star-forming galaxies. From this plot, we easily defi SF/Sy2 and SF-LIN/comp are already counted in one of thethre
the boundary of the region where star-forming galaxies trexco main classes (i.e. star-forming galaxies, Seyfert 2 or LRVE
mixed with Seyfert 2: which may be summed to get the total number of objects. We use

the following abbreviations: SFG: star-forming galaxigsy. 2:
log([O111] /HB) > 0.3. @) seyferto, 9 galaEey

This is the horizontal line in Fi(j] 4. We call SF/Sy2 all théega
ies above this line. Counting the region of AGNs (as defined by total SFG  Sey.2 LINER  comp.

Eq.[}) and the region of SF/Sy2, 86% of actual AGNs are cor- total 89379 67778 2949 4912 13740
rectly classified with our new blue classification (59% asf&ety SFG 80312 67539 952 270 11551

2, 26% as SF/Sy2). The region of SF/Sy2 is nevertheless dom- Llsl\leékz 72005116 1854? 127;;8 4 41%7 9 1§§
inated by star-forming galaxies (74%). The left panel of. Eg SF/Sy2 3603 2668 774 6 155

shows that, unlike Seyfert 2, LINERs do not significantly Oetsr | INjcomp 47461 37669 17 088 8787
mixed with star-forming galaxies: 91% of them are correctly
classified without the need to define a SF/LINER region.

We need also to consider the case of composites which fg o ; ; o
. . . ! X (P009) that the metallicity evolution of star-forming geiles is
in the region of star-forming g_aIaX|es and LINERS in the blu_ss significant as a function of redshift for lower mass xjak&
diagram: 85% of the composites are classified as star-fgrm

Yhan for high mass galaxies
galaxies, and 16% as LINERs in our new classification. We see For galaxies of masses 10°M.., the metallicity evolution is

Lromhthe rigktwtlpantil Olf. Fidél 4f_thaé amgé)ftza"_rtae ct(;]r_nr?_osimlsf espectively @M6dex and A0dex lower in the two above men-
y chance below the line defined In &y. 2. 1huS thiS i€ can §&,q g regshift ranges than the results obtained with thelals-
used to define the region where one should expect to find co, ication of star-forming galaxies. The difference betméiee

posites. However the majority of the composites fall in a Mugy 4 2 the new classification is not significant for galaxiés
narrower region. We define this region with the two following - ccaq. 10102\,

inequalities:
< —(x—1.02-0.1x+0.25 .
{z > (x(f 0_2)2)_ 0.6 x* (3) 5. Conclusion

Table[] summarizes the distribution of the objects in the new
blue classification, as compared to the reference red filassi
c?tion. A large majority of star-forming galaxies are cothg
Qassified with the new blue classification. But the new blue
Riassification also suffer from a non negligible contaniovabf
The star-forming regions by composites, which should berak
into account in studies of star-forming galaxies. We note-ho
ever that a number of composites, according to the classifica
3.3. The new Seyfert 2 — LINER boundary of Kauffmann et gl.[(2093), may actually only be star-forgin
i - ... .galaxies| Kewley et al| (20D1) have shown from theoreticadm
We define an empirical boundary that allows one to d's_t'”gu'%ling that pure star-forming spectra can be expected inahe r
Seyfert 2 from LINERSs in the AGNs region of the blue diagramion atter defined as the composite regioet al
It is shown as a solid diagonal line in F|ﬂ. 4 and follows thgsan ).[Stasinska et RI[ (2406) have also shown that the com
equation below: posites allow an AGN contribution up to 20%, but this does not
log([Or11] /HB) = 0.95 x log([O11] /HB) — 0.4. (4) mean that this contribution cannot be lower than 20%, or eeen
zero. True composites may be confirmed only from far infrared
This separation minimizes the number of misclassificatim®s or X-ray observations.
tween these two classes. Only 8% of the Seyfert 2 and 4% of the we define the region of SF-LIN/comp which contains the
LINERSs, according to the red classification, are misclassife- majority of actual composites, but is dominated by actua-st
spectively as LINERs or Seyfert 2, according to the new blygrming galaxies and LINERs. The composites also contami-
classification. nates the region of LINERSs in our new classification. Howgver
most of the actual LINERSs are correctly classified with ouwne
classification.

Finally, the region of Seyfert 2 in our new classification is
Our new classification will be useful for building samplestafr- almost only composed of actual Seyfert 2 with no significant
forming galaxies at high redshift. As an example, we show tontamination. But about a third of the actual Seyfert 2 are
Fig. B updated results obtained for VVDS data with our nejust classified as SF/Sy2 in our new classification, thisscias
classification. We refer the reader fto Lamareille ¢t pl. @00unfortunately dominated by actual star-forming galaxiEise
for details. The left panel shows that we now obtain less stdbEW classification proposed By Stasinska ét[al. (R006)adigtu
forming galaxies than with the previous classification secaeln  complements our classification in classifying correctly SR
the right panel, this ends up to slightly different estinsatéthe galaxies. This will be commented in further details in thecse
mass-metallicity relation in the®< z< 0.6 and 06 < z< 0.8 paper of this series. Our new classification can be used toadefi
redshift ranges. With our improved classification, we now-co samples of star-forming galaxies (see SEct. 4), but alsplesm
firm and even strengthen the conclusion[of Lamareille ¢t af Seyfert 2 or LINERS (e.g. to compute luminosity functipns

wherey = log([Om1]/Hf3), andx = log([O11]/HB). We call SF-
LIN/comp all the galaxies in this region, which straddlegiov
the star-forming galaxies and the LINERs. 64% of the actu
composites fall in our SF-LIN/comp region. The SF-LIN/com
region is composed by 79% of star-forming galaxies, 19% co
posites, and 2% LINERs.

4. An example application
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Figured. This is the new improved “blue” classification of emissidgmelgalaxies. The two diagnostic diagrams show the relation
between two line ratios: log([@]A5007/H3) vs. log([ON]AA3726+3729/H8). According to the red classification (see Fﬂg 2),
star-forming galaxies are shown in blue, LINERS in cyan, posites in magenta, and Seyfert 2 in green. For clarity,wioefirst
classes are shown only in the left panel, while the two laatss#s are shown only in the right panel. The red curves shew th
new empirical separations defined in the text: betweenfstaring galaxies and AGNs (Eﬁl 1), between Seyfert 2 and IRSE
(Eq.@), between star-forming galaxies and SF/Sy2 ﬂEq. [2¢. Alack dashed curves delimits the region where lies thenityapf
composites (SF-LIN/comp region, Eﬂ 3).
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Figure5. Left: Spectral classification of VVDS galaxies (Lamareille 8tZ009). According to our new classification given in
Eq.ﬂ, we classify these objects as star-forming galaxiee iiangles), and AGNs (green squares). The red curvegsstine older
classification scheme Hy Lamareille e} 4I. (004, see aIch}iRight: Relation between the logarithm of the stellar mass of the
gas-phase oxygen abundance of star-forming galaxies MES sample. Dashed lines and open symbols show the oldtsessil
given in 1[(20p9). Solid lines and filled systhshow the new results with our new classification. Theltesue
given in the 05 < z< 0.6 (dark gray) and ® < z < 0.8 (light gray) redshift ranges.
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in a much more accurate way than the previous blue classifica-
tion scheme. However it cannot be used to derive samples of
composites since they get mixed with star-forming galaaies
LINERs.
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