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ABSTRACT

We have carried out a wide-field imaging survey for [O 1] 13727 emitting galaxies atz ~ 1.2 in the HST COSMOS
2 square degree field using the Suprime-Cam on the Subaru Telescope. The survey covers a sky area of 6700 arcmin?
in the COSMOS field, and a redshift range between 1.17 and 1.20 (Az = 0.03), corresponding to a survey volume of
5.56 x 10° Mpc>. We obtain a sample of 3176 [O 1] emitting galaxies with observed emission-line equivalent widths
greater than 26 A. Since our survey tends to sample brighter [O 1] emitting galaxies, we also analyze a sample of fainter
[O1] em1tt1ng galax1es found in the Subaru Deep Field (SDF). We find an extinction-corrected [O 1] lummosr[y densrcy

of 104035205 ergs s~
COSMOS field at z ~

I Mpc—3, corresponding to star formation rate density of 0. 321008 M, yr~! Mpc~?
1.2. This is the largest survey for [O 1] emitters beyond z = 1 currently available.

in the

Subject headings: galaxies: distances and redshifts — galaxies: evolution —
galaxies: luminosity function, mass function

Online material: machine-readable tables

1. INTRODUCTION

Measurements of the galaxy star formation rate density (SFRD)
are one of the most important issues concerning studies of forma-
tion and evolution of galaxies. Since the pioneering study by Madau
etal. (1996), anumber of observational studies have been made to
investigate both metal-enrichment history and star formation his-
tory in galaxies as a function of age or redshift (e.g., Gallego et al.
1995; Ellis et al. 1996; Lilly etal. 1996; Hogg et al. 1998; Tresse &
Maddox 1998; Madau et al. 1998; Pettini et al. 1998; Steidel et al.
1999; Barger et al. 2000; Fujita et al. 2003a; Giavalisco et al.
2004; Dickinson et al. 2004; Taniguchi et al. 2005; Bouwens &
Ilingworth 2006). A current picture is that the SFRD steeply
increases for first 900 Myr (fromz ~ 30toz ~ 6), peaks atz ~ 3,
and then decreases strongly to the present day (e.g., Bouwens &
Illingworth 2006). It is important to investigate what happened
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in first 900 Myr in the early universe (Taniguchi et al. 2005;
Kashikawa et al. 2006; Bouwens & Illingworth 2006 and refer-
ences therein). And it is also important to investigate what hap-
pened from z ~ 3 to ~1, because galaxies as well as large-scale
structures could have rapidly evolved in this era.

Star formation activity in galaxies could be linked to galaxy en-
vironments because interaction and merging events can trigger
intense star formation. Therefore, it is necessary to investigate
coevolution between galaxies and large-scale structures (e.g.,
Scoville et al. 2007). Recently, large-scale structures with a scale
of several tens to 100 Mpc have been reported for samples of
Lya emitters or Lyman break galaxies (LBQ), i.e., star-forming
galaxies, at 3 < z < 6 (e.g., Steidel et al. 1998; Shimasaku et al.
2003; Ouchi et al. 2005a; Kashikawa et al. 2006). Atz ~ 1, such
large-scale structure of galaxies with a scale over 10 Mpc have
also been reported ( Tanaka et al. 2001; Nakata et al. 2005; Gal et al.
2005). These observational results appear to be consistent with
N-body simulations, which suggest that clusters of galaxies at
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z ~ 1 are still in the formation process (e.g., Moore et al. 1998).
Therefore, more detailed studies on clustering of galaxiesatz > 1
are crucially important to understand the evolution of large-scale
structures as well as that of galaxies themselves.

It is, however, difficult to obtain a large sample of galaxies
beyond z = 1. Although optical broadband imaging could detect
a large number of LBGs, the accuracy of photometric redshifts is
not high enough to obtain a sample of galaxies at a concerned red-
shift interval. Spectroscopic surveys are useful to obtain such a
sample. However, since most galaxies beyond z = 1 are faint, we
need a lot of observing time to carry out such a program. Another
method is to carry out an optical survey with a narrowband filter to
isolate strong emission-line galaxies beyond z = 1. However,
beyond z ~ 0.5, the Ho emission line, which is a good tracer of
star formation rate (e.g., Gallego et al. 1996; Hammer et al. 1997;
Jansen et al. 2001; Teplitz et al. 2003; Hopkins 2004 and refer-
ences therein), is no longer detectable in the visible window.
Therefore, the [O 1] 43727 emission line provides an estimator
of the star-formation activity in galaxies. Although this line is
considered to be a less reliable tracer of star formation rate because
its line intensity is more affected by dust obscuration (Kennicutt
1998), careful comparisons among SFRs derived with various
observables (e.g., Ha, [O 1], UV, and so on) are consistent
within a factor of 3 (Cram et al. 1998; Hopkins 2004). Therefore,
this line has the clear advantage of being observable in the vis-
ible bands over the interesting redshift range of 0.5 <z < 1.6,
where the SFRD is thought to be changing rapidly.

In this paper, we present results of our narrowband imaging
survey for [O n] emitters atz = 1.2 in the Cosmic Evolution Sur-
vey (COSMOS; Scoville et al. 2007) 2 square degree field. This
survey was carried out during the course of Subaru imaging
surveys of the COSMOS field (Taniguchi et al. 2007; see also
Murayama et al. 2007) by using the narrowband filter NB816
[ = 8150 A and AJ(FWHM) = 120 A] available for the prime-
focus, wide-field camera, Suprime-Cam, on the 8.2 m Subaru
Telescope (see § 2.1). Since the Suprime-Cam provides a very
wide field of view; 34’ x 27/, this is suitable for wide-field optical
imaging surveys. Through the large area covered by the COSMOS,
we can obtain the largest sample of [O 1] emitting galaxies beyond
z = 1 by performing narrowband imaging of this field, targeting
galaxies atz ~ 1.2. Such a large sample can improve the precision
of our estimates of the SFRD atz > 1.

However, the COSMOS can sample only brighter [O 1] emit-
ting galaxies because of relatively shallower survey depths. In
order to obtain an accurate luminosity function of [O 1] emitters,
itis also necessary to probe faint [O 1] emitters. For this purpose,
we analyze a sample of fainter [O 1] emitters taken from the
Subaru Deep Field (SDF; Kashikawa et al. 2004), where the same
narrowband filter (NB816) was used (see § 2.2). Although the
SDF covered sky area is ~1/8 of the COSMOS field, the much
deeper survey depth of the SDF makes it possible to explore faint
objects and determine the faint end slope of the luminosity func-
tion of [O 1] emitting galaxies.

Throughout this paper, magnitudes are given in the AB system.
We adopt a flat universe with the following cosmological pa-
rameters: Qmaer = 0.3, Q24 = 0.7,and Hy = 70 km s~ ! Mpc ™.

2. PHOTOMETRIC CATALOG

2.1. The HST COSMOS Field

The Cosmic Evolution Survey (COSMOS) is a 2 square de-
gree imaging survey centered at o (J2000.0) = 10"00™28.6° and
6(J2000.0) = +02°1221.0" (Scoville et al. 2007). Our optical
narrowband imaging observations of the HST COSMOS field

have been made with the Suprime-Cam (Miyazaki et al. 2002)
on the 8.2 m Subaru Telescope (Kaifu et al. 2000; Iye et al. 2004)
at Mauna Kea Observatories.

In this analysis, we use the COSMOS official photometric red-
shift catalog, which includes objects whose total i magnitudes (i’
or i*) are brighter than 25 mag. The catalog presents 3” diameter
aperture magnitude of Subaru/Suprime-Cam B, ¥, r’, i’, z’, and
NB816.%° Our NB816 imaging data of the COSMOS field are
also used to search both for Ly« emitters at z ~ 5.7 (Murayama
etal. 2007) and for Ha emitters at z = 0.24 (Shioya et al. 2007).
Details of the Suprime-Cam observations are given in Taniguchi
et al. (2007).

Because the accuracy of standard star calibration (+0.05 mag) is
too large for obtaining accurate photometric redshifts, Capak et al.
(2007) recalibrated the photometric zero points for photometric
redshifts using the SEDs of galaxies with spectroscopic redshifts.
Following the recommendation of Capak et al. (2007), we apply the
zero-point correction to the photometric data in the official catalog.
The offset values are 0.189, 0.04, —0.040, —0.020,—0.005, 0.054,
and —0.072 for B, V, r’, i’, i*, z’, and NB816, respectively. The
zero-point corrected limiting magnitudes are B = 27.4, V' = 26.5,
r’'=26.6,i' =26.1, z/ =25.4, and NB816 = 25.6 for a 3 o
detection on a 3" diameter aperture. The catalog also includes 3” di-
ameter i*-band aperture magnitude from CFHT. We use the CFHT
i* magnitude for bright galaxies with i’ < 21 mag because they ap-
pear to be less affected by the saturation effects. All magnitudes
are corrected for the Galactic extinction: E(B — V') = 0.0195 +
0.006 (Capak et al. 2007). Details of the COSMOS official pho-
tometric redshift catalog are presented in Mobasher et al. (20006).

2.2. The Subaru Deep Field

We used a catalog obtained by the Subaru Deep Field (SDF)
project (Kashikawa et al. 2004). The SDF project is the deepest
optical imaging survey using the Suprime-Cam on the Subaru
Telescope. The SDF is located near the North Galactic Pole,
being centered at o (J2000.0) = 13"24™38.9% and §(J2000.0) =
+27°29'25.9"”. The SDF project official photometric catalog is
obtained from the SDF site.26 In this work, we used B, V, R¢, i’,
z', and NB816 data given in the i’ selected catalog with 3" di-
ameter aperture photometry. Note that we correct NB816 mag in
the SDF photometric catalog because there is a small photomet-
ric offset (=0.08 mag). The limiting magnitudes for a 3 o detec-
tion on a 3” diameter aperture are as follows: B = 27.6, V = 27.0,
Rc =272,i' =27.0,z' =26.2, and NB816 = 26.1 mag. The
PSF size in this catalog is 0.98”. All magnitudes are corrected for
the Galactic extinction: E(B — V') = 0.01678 + 0.003 (Schlegel
et al. 1998). This complements our COSMOS [O 1] survey by ex-
tending it to fainter flux limits.

Table 1 summarizes the covered sky area, survey volume and
photometric property in the COSMOS field and the SDF. Since
the central wavelength of NB816 filter corresponds to a redshift
of 1.2 for [O 1] 43727 emission, together with the broadband fil-
ter data, we can carry out a search for [O 1] emitters at z = 1.2.

3. RESULTS
3.1. Selection of NB816-Excess Objects

In order to select NB816-excess objects efficiently, it is desir-
able to have a wavelength-matched continuum image as off-band

2> Our SDSS broadband filters are designated as #*, i*, and z* in Capak et al.
(2007) to distinguish from the original SDSS filters. Also, our B and V filters are
designated as By and Vj in Capak et al. (2007), where J means Johnson and
Cousins filter system used in Landolt (1992).

26 See http://step.mtk.nao.ac.jp/sdf/project.
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TABLE 1
Basic ProperTIES OF THE COSMOS anp SDF

COVERED SKY AREA
FiELD (arcmin?)

SurRVEY VOLUME
(10* Mpc?)

LMITING MAGNITUDE

B V r Rc i’ z NB816

COSMOS ... 6700 55.6
SDF ..ooiiiiviiiiiiiicice 875 7.27

274 265 266 26.1 254 25.6
276 27.0 272 270 262 26.1

data. Since the central wavelength of the NB816 filter is different
from those of either i (i’ or i*) and z’ filters, we make a wavelength-
matched continuum, “iz continuum,” using the following linear
combination: f;, = 0.57f; + 0.43f;,, where f; and f; are the i (i’
or i*) and z’ flux densities, respectively. Its 3 ¢ limiting magni-
tude is iz ~ 26.0 mag in a 3" diameter aperture in the COSMOS
field, while 26.9 mag in the SDF. Note that we use the CFHT i* mag-
nitude for the bright galaxies with i’ < 21 mag in the COSMOS
field since their i’ magnitudes suffer from saturation effects. This
enables us to more precisely sample the continuum at the same ef-
fective wavelength as that of the NB816 filter.

Taking both the scatter in the iz — NB816 color and our sur-
vey depth into account, candidate line-emitting objects are se-
lected with the following criteria:

iz — NB816 > 0.2 (1)
and
iz — NB816 > 30._nBsi6, (2)

where iz — NB816 = 0.2 corresponds to EW s &= 26 A. We jus-
tify these adopted criteria in § 3.3. We compute the 3 o of the
color as

30iz-NBsi6 = —2.5 10g{1 - \/(ﬁ?UNBxls)z+(ﬁﬂiz)2/fN3816 - (3)

These two criteria, (1) and (2), are shown in Figure 1 by the red
and blue solid lines, respectively.

In the COSMOS field, taking account of the homogeneity of the
noise level, we select galaxies in the following region: 149.40917° <
R.A. < 150.82680° and 1.49056° < decl. < 2.90705°. The ef-
fective survey area is 6700 arcmin®. We find 5824 sources in the
COSMOS field that satisfy the above criteria.

In the case of the SDF, objects with NB816 < 20 mag appear
to be saturated. In order to avoid such saturated bright objects,
we have also imposed the criterion NB816 > 20 mag to the SDF
sample. We then find 602 sources that satisfy the above criteria in
the SDF.

Note that the above NB816-excess objects found in both the
COSMOS field and the SDF are brighter than the limiting mag-
nitude in all bands.

3.2. Selection of NB816-Excess Objects at z = 1.2

A narrowband survey of emission-line galaxies can potentially
detect galaxies with different emission lines at different red-
shifts. Strong emission lines that we would expect to detect are
Ha, HB, [O m] 144959, 5007, and [O 1] 43727 (Tresse et al.
1999; Kennicutt 1992). In Table 2 we show redshift coverages of
those emission lines for the NB816 filter.

iz-NB816

iz-NB816

18 19 20 21 22 23 24 25 26
NB&16

Fic. 1.—Diagrams between iz — NB816 and NB816 for all objects in the
i’-selected catalog in the COSMOS field (top) and the SDF (bottom). The hori-
zontal solid red line corresponds to iz — NB816 = 0.2. The blue line shows the
distribution of 3 ¢ error. The pink line shows the limiting magnitude of iz. The
dotted line shows NB816 = 20 mag.
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TABLE 2 25 T T T T
EmissioN LINEsS POTENTIALLY DETECTED INSIDE THE NARROWBAND Ho '
Hp ——
Redshift Range d;® 2 F [%:H b
Line z21<z< z? (Mpc) L7
0.233, 0.251 0.242 1220 15 F 4
0.616, 0.656 0.636 3800
0.664, 0.689 0.677 4100
1.171, 1.203 1.187 8190 1+ E
z
# Mean redshift. @
° Luminosity distance. 05 | i
T T T / T
3+  Hao— ¢ E g olb i
Hp ——
[oi
[on — S _
25 . 05 L S C ) i
2+ E -
4 1 1 1 1
-1 0.5 0 05 1 15
i-z'
. 15 | E
&
1F . 245 T T T T
05 E 2+ i
0 S E 15 | B
»0‘5 1 1 1 1 1 | i
-1 0.5 0 05 1 15
i-z' u>.n
05 .. i
T .
3+ b ol : E
25 B -
05 L7 B
2+ e L7
4 1 1 1 1
-1 0.5 0 0.5 1 15
15 F - i~z
&
@ Fic. 3.— Diagrams between B — V' vs. i’ — z for the 5824 emitter sources in
1k | the COSMOS field (fop) and the 602 emitter sources in the SDF (bottom). The
model lines, points, and contour levels are same as Fig. 2. We select the sources
under the dotted line in each panel as [O 1] emitters.
05 - B
In order to distinguish [O 1] 13727 emitters atz ~ 1.2 from other
emission-line objects at different redshifts, we investigate their
or .- 1 broadband color properties. In the top panels of Figures 2 and 3,
-7 we show the B —r’ versus i’ —z’ and B—V versus i’ —z’
05 . . . . color-color diagrams for the 5824 sources in the COSMOS field

Fig. 2.— Diagrams between B — 7’ vs. i’ — z’ for the 5824 emitter sources in
the COSMOS field (fop) and B — Rc vs. i’ — z’ for the 602 emitter sources in the
SDF (bottom). Color loci of model galaxies (E, Sbe, Scd, Irr) fromz = 0to 1.2 are
shown with red lines. Colors of z = 0.24, 0.64, 0.68, and 1.18 (for Ha, [O 1],
Hf3, and [O 1] emitters, respectively) are shown with blue, yellow, green, and pink
lines, respectively. The contour levels shown with gray lines corresponds to 2,
1, 11/2, and 11/3, where (4 is the mean surface density on each diagram. Pink points
are [O 1] emitters at z ~ 1.2 confirmed by spectroscopy. We select the sources
under the dotted line in each panel as [O 1] emitters.

together with the loci of model galaxies taken from Colman et al.
(1980). We can clearly see some clumps in the diagrams. We also
calculated local surface density on the diagrams shown by the
contours. The contour levels correspond to 2, u, /2, and /3,
where p corresponds to the mean surface density on each color-
color diagram. These contours show prominent sequences close
to the model predictions for [O 1] emitters, with distinct Ha, HE,
or [O mi] 444959, 5007 emitter in the diagrams.

Taking account of the model lines and the surface density
contours on the diagram, we find that [O 1] emitters at z ~ 1.2
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can be selected by adopting the following criteria on the B — r’
versus i’ — z’ color-color diagram:

B—r' <5('—z')—13, (4)
or
B—r'<07("—z')+04, (5)
and on the B — V versus i’ — z’ color-color diagram:
B—V <13(G'-2"). (6)

The candidates that satisfy both of the criteria are selected to be
[O 1] emitters at z ~ 1.2. These criteria give us a sample of 3178
[O ] emitting galaxy candidates in the COSMOS field. We can
distinguish [O 1] emitters from Ha: or HS or [O m] emitters using
these criteria. Since the two brightest [O 1] emitters seem to be
AGNs, we do not include them in our final samples. Therefore,
we finally obtain a sample of 3176 [O 1] emitting galaxy can-
didates in the COSMOS field. Note that three [O 1] emitters at
z &~ 1.2 confirmed by spectroscopy (Figs. 2 and 3, pink points in
top panels; see § 3.3) are satisfied with the three criteria.

Next, we distinguish [O 1] emitters at z ~ 1.2 from emission-
line objects at other redshifts in the SDF. In the bottom panels of
Figures 2 and 3, we show the B — Rc versus i’ —z' and B — V
versus i’ — z' color-color diagram for the 602 sources in the
SDF. The contour levels are the same as above. Taking account
of the model lines and contours of distribution on the diagram, we
find that [O 1] emitters at z = 1.2 can be selected by adopting
the following criteria on the B — R¢ versus i’ — z’ color-color
diagram:

B—Rc<5("—z")—13, (7)
or,
B—Rc<07('—2')+04, (8)
and on the B — V versus i’ — z’ color-color diagram:
B—V<13(' -2 (9)

The candidates that satisfy both of the criteria are selected to be [O 1]
emitters at z ~ 1.2. These criteria give us a sample of 295 [O 1]
emitting galaxy candidates in the SDF. After visual inspection of
the NB816 images, we rejected one object, which appears to be
noise. Therefore, we obtain a sample of 294 [O 1] emitting gal-
axy candidates in the SDF. Note that four [O 1] emitters at z ~
1.2 confirmed by spectroscopy (Figs. 2 and 3, pink points in
bottom panels; see § 3.3) are satisfied with the three criteria.

In this way, we obtain our final [O 1] emitting galaxy candi-
dates in both COSMOS and SDF. To our knowledge, this is the
largest survey for [O ] emitters beyond z = 1 currently available.

In order to investigate how our selection criteria (4)—(6) on the
color-color diagrams affect completeness of the [O 1] emitters
and contamination of the other emitters, we examined the num-
ber distribution of emitter candidates as a function of distance from
the adopted selection line on each color-color diagram in the
COSMOS field. The three distinct peaks of HG + [O u1, Ha,
and [O ] emitters can be seen in the distribution of B — V' versus
i’ — z' color-color diagram shown in the right panel of Figure 4,
while two prominent peaks of [O 1] emitters and that of other
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Fi. 4—Number distributions of emitter candidates on the B — 1" vs. i’ — z’
(left) and B — V vs. i’ — 2 (right) color-color diagrams as a function of distance
from the adopted selection lines in the COSMOS field. The adopted selection
lines are shown with dotted lines. The emitter candidates that do not satisfy the
selection criteria are shown with negative distance, while those satisfy the criteria
are shown with positive distance.

emitters can be seen for the B — r’ versus i’ — z’ color-color
diagram in the left panel of Figure 4. We fit the distributions with
a Gaussian and estimate the amount of contamination by Ha or
Hg + [O m] emitters and incompleteness of the [O ] emitters.
Then we find that the amount of contamination and incomplete-
ness are ~2% and ~3%, respectively. Thus, using the two color-
color diagrams, our procedures presented here can be basically
free from contaminations from Ha or HS or [O mr] emitters and
allow us to select reliable [O n] emitter samples at z ~ 1.2.

3.3. Optical Spectroscopy

Our pilot spectroscopic survey for objects in the COSMOS
field is now progressing (z-COSMOS; Lilly et al. 2006). The first
results from z-COSMOS have already confirmed that the three
galaxies (ID 948253, ID 1297800, and ID 1690252) are star-
forming galaxies at 1.17 < z < 1.20 (see Appendix).

If we adopted the NB-excess criterion of iz — NB816 > 0.1
and the same color-color selection as we have described in § 3.2,
our photometric sample would contain eight galaxies that were
spectroscopically observed. The four galaxies among them are
star-forming galaxies at 1.17 < z < 1.20. However, the remain-
ing four galaxies are all at z = 1.02, where the [O 1] emission
line is out of the bandpass of the NB816 filter. Since we find no
Ha, HB, or [O m] emitters in our spectroscopic sample, our color-
color selection criteria are reliable discriminators between [O 1]
emitters at z ~ 1.2 and other emission-line objects.

However, we have to mention why we find galaxies at z ~
1.02 in spectroscopy. To investigate the detection at z ~ 1.02,
we calculated evolution of iz — NB816 color by using the pop-
ulation synthesis model, GALAXEV (Bruzual & Charlot 2003),
and found that continuum feature of galaxies at z ~ 1.0 makes
the NB816 excess as shown in Figure 5. Note that emission-line
features are not included in Figure 5. Although one of the [O 1]
emitters at z ~ 1.2 with small NB816 excess is removed, all four
detections at z ~ 1.02 can be removed by the criterion of iz —
NB816 > 0.2, as expected. Therefore, candidate line-emitting
objects are selected with the criterion of iz — NB816 > 0.2.
Thus, it is expected that there is little contamination from objects
at other different redshifts in our [O 1] emitter sample.

In the case of the SDF, redshifts of the following four [O 1]
emitters selected here (ID 27396, ID 29922, ID 36025, and ID
178592) were also confirmed spectroscopically by Ly et al. (2007).
Their spectroscopic redshifts are 1.1818, 1.1813, 1.1798, and
1.1783, respectively.
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Fi6. 5.—Evolution of iz — NB816 color as a function of redshift. Color loci of
model galaxies (SB, Irr, Scd, Sbe, E) are shown with pink, blue, green, yellow, and
red lines, respectively. The horizontal lines corresponds to iz — NB816 = 0.0, 0.1,
and 0.2. Note that emission-line features are not included in this diagram.

3.4. [O u] Luminosity
The line flux, f;, is given by

fNB - ﬁz
1 —0.57(ANB/Aj)’ (10)

f, = ANB

where fyg and f;, are the flux densities in each filter, with ANB
and Ai being the effective bandwidth in those filters. The lim-
iting observed line flux in the COSMOS field and that of the SDF
are 1.4 x 1077 and 8.7 x 1078 ergs s~ cm™2, respectively.

In order to obtain the [O 1] luminosity for each source, we ap-
ply a mean internal extinction correction to each object. To com-
pare our result with the previous investigations compiled by
Hopkins (2004), we use the same extinction correction method
as that proposed by Hopkins (2004): Ay, = 1.0 mag and the
Cardelli et al. (1989) Galactic obscuration curve. Note that this
corresponds to Ay = 1.22 and 4|g, = 1.87 mag at the wave-
length of [O n] A3727. We also apply a statistical correction
(21%; the average value of flux decrease due to the NB816 filter
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transmission) to the measured flux because the filter transmission
function is not square in shape (Fujita et al. 2003b). The [O 1]
flux is then given by

Seor([O 1)) = f7 x 10%#01 % 1.21. (11)

Finally, the [O n] luminosity is estimated by L([O u]) =
47d? feor([O 1]). In this procedure, we assume that all the [O 1]
A3727 emitters are located at z = 1.187 that is the redshift corre-
sponding to the central wavelength of NB816 filter. Therefore, the
luminosity distance is set to be d;, = 8190 Mpc. For the COSMOS
field, the aperture effect is corrected by using the offset between
3" diameter aperture and total magnitude given in the COSMOS
official photometric catalog (Capak et al. 2007). For the SDF, we
used the total magnitude in the SDF official catalog (Kashikawa
et al. 2004). The basic data of [O 1] emitter candidates, including
3" aperture magnitude of i’, NB816, z’, iz, and photometric
errors in the COSMOS field and the SDF are listed in Tables 3
and 4, respectively. These tables also include line flux f; and [O 1]
luminosity L([O m)).

4. DISCUSSION
4.1. Luminosity Function of [O u] Emitters

In order to investigate the star formation activity in the galax-
ies at z ~ 1.2 detected here, we construct the luminosity function
(LF) for our COSMOS and SDF [O 1] emitter samples. The LF
is given by the relation

2. {log L(O )} ATog L(O )= -, (12)

co

where V,, is the comoving volume and N; is number of galax-
ies with [O 1] luminosity within the interval of log L([O 1]) £+
0.5A log L([O u]). We have used A log L([O u]) = 0.2. The [O 1]
LFs of the COSMOS field and SDF are shown in the top panel of
Figure 6. The number counts and the LFs obtained in both the
COSMOS field and SDF are given in Table 5.

The samples that characterize the faint end slope of the [O n] LF
may be incomplete due to our selection criteria. The [O ] LF
looks to be incomplete at log L ~ 42.0 for the COSMOS field
and at log L ~ 41.8 for the SDF. To investigate the lowest lumi-
nosity at which the [O 1] LF is still sufficiently complete, we
checked the luminosity at which the maximum number count
appears in the LF. We examined several cases in which the bins
of the LF are slightly shifted for avoiding that the selection of bins
of the LF affects this analysis. We finally found log Lj;, = 42.03

TABLE 3
PHoTtoMETRIC PROPERTIES OF THE [O 11] EMITTER CANDIDATES IN THE COSMOS FIELD

R.A. (J2000.0)  Decl. (J2000.0) i° Ai®  NB816° ANB8I6®  ® Az iz logf° log L([O u])
No. ID (deg) (deg) (mag) (mag)  (mag) (mag) (mag) (mag) (mag) (ergss 'em ) (ergss )
Lo 27025 150.77573 1.622925 23.80  0.04 23.11 0.03 2343 005  23.63 —-16.33 42.41
2o, 27180 150.74086 1.622155 2444 0.06 24.00 0.07 2432 010 2439 —16.80 41.94
LI 28182 150.75733 1.615727 2410 0.05 23.63 0.05 23.66 006  23.89 -16.75 41.99
4. 32985 150.78337 1592096 2458  0.07 23.94 0.07 2420 010 2440 —~16.70 42.04
S5t 33031 150.76678 1.591625 2410 0.05 23.46 0.04 2380 007  23.96 —~16.49 4225

Note.—Table 3 is published in its entirety in the electronic edition of the Astrophysical Journal Supplement. A portion is shown here for guidance regarding its form

and content.
? 3" aperture magnitude.
® Photometric error.
¢ Line flux.
4 Extinction corrected [O 1] luminosity.
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TABLE 4
ProtomETRIC PROPERTIES OF THE [O 11] EMITTER CANDIDATES IN THE SDF

R.A. (J2000.0)  Decl. (J2000.0) i® Ai®  NB816®° ANB8I&®  ® AZ"® iz logf;® log L([O n])*
No. ID (deg) (deg) (mag) (mag)  (mag) (mag) (mag) (mag) (mag) (ergss'em™?)  (ergssT!)
Lo 10459 201.35980 27.211346 2420 001 23.69 0.01 2377 001  24.00 -16.73 4201
Do 10789 201.24632 27.210946 2428  0.01 23.64 0.01 2361 001  23.94 —16.69 42.05
LI 10960 201.19371 27.210909 2413 001 23.51 0.01 2357 001  23.85 —~16.60 42.13
4. 11651 201.15106 27.212800 2485  0.01 2425 0.02 2438 002  24.62 —~16.88 41.85
5. 11959 201.25951 27.213563 2430 001 23.73 0.01 2358 001 2393 —~16.84 41.89

Note.—Table 4 is published in its entirety in the electronic edition of the Astrophysical Journal Supplement. A portion is shown here for guidance regarding its form

and content.
@ 3" aperture magnitude.
° Photometric error.
¢ Line flux.
4 Extinction-corrected [O 1] luminosity.

and 41.77, are expected to be the completeness limit in the
COSMOS field and SDF, respectively. We fit the [O u] LFs at
L > Ly, with the Schechter function (Schechter 1976) by the
maximum likelihood parametric fit (the STY method; Sandage et al.
1979).

10
I I L);etal,2006(1.17l1<z<1.203) LA
Hippelein et al.2003(1.175< z<1.21) =
COSMOS(1.171< z<1.203) —@—
SDF(1.171< z<1.203) —@—
107 1
— 102 1
'
3
=
o
g
= 10° ]
=)
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1 1 1 1 1
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Fic. 6.— Top: Luminosity function at z =~ 1.2. Red points show extinction-
corrected LF of the COSMOS field, blue points show extinction-corrected LF of
the SDF. Red and blue lines are the best-fit Schechter function. The [O u] LF
derived by Ly et al. (2007) and Hippelein et al. (2003) are shown with black line
and dotted line, respectively. Bottom: 1, 2, and 3 o error contours for the best-fit
[O ] LF parameters of the COSMOS field (/eff) and the SDF (right).

We obtain the following best-fitting parameters for our [O 11]
emitters in the COSMOS field with o = —1.41701%, log ¢. =
—2.377013, and log L, = 42.54%097 in the SDF with a =
—1.387039, log ¢. = —2.677328 andlog L. = 42.50032. The
results of Schechter function fit are overlaid in the top panel of
Figure 6.

Since the Schechter function parameter « is sensitive to the
incompleteness at the faint end, we also investigate the change
of « as a function of limiting luminosity log Ljin,. We confirmed
that the best-fit o changes fast from when the log Ly, is de-
creased from 42.03 (COSMOS) and 41.77 (SDF). On the other
hand, the best-fit o changes slowly from when the log Ly, is
increased from 42.03 (COSMOS) and 41.77 (SDF). For example,
(log Liim, @)= (41.98, —1.15701%), (42.03, —1.41%71%), and
(42.08, —1.55%3:19) for the COSMOS field, and (log L, o) =
(41.72, —1.08703%), (41.77,—1.38703), and (41.82, —1.60 04
for the SDF, respectively. Thus, we conclude that the adopted com-
pleteness limits of log Ly, = 42.03 (COSMOS) and 41.77 (SDF)
are well determined and that derived Schechter parameters are
robust for the incompleteness.

When our results of the COSMOS field and SDF are com-
pared, the number density of the COSMOS field is higher by a
factor of ~2 than that of the SDF because the ¢, of the COSMOS
field is twice as large as that of the SDF while L, is nearly the
same for the both fields. In spite of deeper survey depth of the
SDF, the faint end slope of the LF for the COSMOS field and
the SDF yields a similar slope. The bottom panel of Figure 6 shows
the 1, 2, and 3 o contour levels in the a-log L, parameter space
from the STY analysis. It can be seen that the « and L, are highly
correlated. We therefore conclude that the large-number statics
of the COSMOS field provides both the reliable bright and faint
ends of the [O n] LF.

The [O u] LF of previous studies (Ly et al. 2007; Hippelein
etal. 2003) are also plotted in the top panel of Figure 6. Hippelein
etal. (2003) surveyed an area of 309 arcmin? with using their own
medium-band filters and selected 119 [O 1] emitters with the
limiting observed luminosity of log L([O u]) = 41.38 ergs s~ ..
Our [O 1] LF of the COSMOS field is similar to that of Hippelein
et al. (2003). The faint end slope « = —1.45 of Hippelein et al.
(2003) is in agreement with our value, o = —1.41701$, in the
COSMOS field. Ly et al. (2007) selected 894 [O 1 ] emitters in
the SDF by using the same catalog of our analysis. The difference
between our LF of the SDF and that of Ly et al. (2007) may be
attributed to the following different source selection procedures:
Ly etal. (2007) used (1) 2” diameter aperture magnitude, (2) cri-
terion of iz — NB816 > 2.50,,_ngBs1s, iz — NB816 = 0.25, and
the median for the NB816 excess of 0.10, (3) B — V versus
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TABLE 5
[O 1] 23727 LumiNosiTy FuncTtioN ForR THE COSMOS FiELD AND THE SDF

COSMOS

SDF

Observed Luminosity Function

Corrected Luminosity Function

Observed Luminosity Function ~ Corrected Luminosity Function

log L([O u]) log ¢ Number log ¢ Number log ¢ Number log ¢ Number
(ergs s 1) (logL™" Mpc™3)  of Galaxies (logL~' Mpc™3) of Galaxies (logL~' Mpc™)  of Galaxies (logL~! Mpc™>)  of Galaxies

. .. —3.86 2

-3.61 27 —2.62 35

—2.37 470 —2.22 87
—2.01 1080 —2.23 86 e .
—4.16 1
—2.14 810 -2.52 44 .
—2.91 18
—2.37 474 —3.24 64 —2.80 23 A .
—2.22 88
—-2.72 212 —-2.19 712 —3.08 12
—2.24 83
—3.20 70 —2.03 1048 -3.56 4 . .
—2.42 55
—3.55 31 —2.19 723 —4.16 1
—-2.75 26
—4.75 2 —245 399 . e
S ... —2.96 16
—2.86 154 A .
S ... —3.38 6
—3.28 58 S e
S .. —4.16 1

—3.84 16
—4.75 2

Rc —i'"and V — Rc versusi’ — z’ color-color diagrams to isolate
[O 1] emitters from other emitters at different redshifts, and (4)
SFR-dependent correction of Hopkins et al. (2001) for extinc-
tion correction.

The number density of the [O 1] emitters in the SDF is always
lower than those of the COSMOS field and Hippelein et al. (2003)
at all the concerned luminosities. This difference is not due to se-
lection method but probably to the effect of cosmic variance. One
possible idea seems to be that the SDF samples a relatively low
number density region of star-forming galaxies at z ~ 1.2 be-
cause the number density obtained in the COSMOS field with
the covered area of ~2 deg? is expected to be closer to an average
number density in the universe. Further analysis of the [O 1] lu-
minosity function at z ~ 1.2 in other fields will be required to
confirm that this is indeed the effect of cosmic variance.

4.2. Luminosity Density and Star Formation Rate Density
The [O ] luminosity density is obtained by integrating the LF:

L(O n)) = /ODO OL)LdL = T'(a + 2)pL,, (13)

where I is the Gamma function. We find the total [O 1] luminosity
per unit comoving volume to be 104035508 and 103299785 ergss ™!
Mpc 3 at z ~ 1.2 in the COSMOS field and the SDF from our
best fit LF, respectively. The star formation rate can be estimated

from the [O 1] luminosity using the relation
SFR = 1.41 x 10~*'L([O 1)) M, yr !, (14)

where L([O 1)) is in units of ergs s~! (Kennicutt 1998). Thus,
the [O 1] luminosity density can be translated into the SFR den-

sity of pspr =~ 0.3270:05 and 0.147003 M., yr~! Mpc =3 in the
COSMOS field and the SDF, respectively. This SFRD from [O 11]
luminosity in the COSMOS field is estimated by using the sta-
tistically largest sample studied so far. The vertical error bar due
to the number statistics is definitively small, and the horizontal
error bar due to the width of the narrowband filter is also small
compared with other spectroscopic surveys.

Figure 7 shows the evolution of the SFRD as a function of
redshift from z = 2.5 to 0. The previous investigations plotted
here are compiled by Hopkins (2004), which have been con-
verted to a common cosmology, consistent SFR calibrations,
and consistent dust obscuration corrections where necessary.
Our results follow the general of the strong decrease in the SFRD
from z ~ 1 to z = 0. If we carefully compare our results with
previous ones, we find that the SFRD measured in the COSMOS
field is consistent with that of Yan et al. (1999), while that of the
SDF is consistent with that of Hogg et al. (1998). The differ-
ence among the SFRDs of the COSMOS field, SDF, and the
other surveys may not surprising because the SFRD varies from
space to space within at least factor of 2 due to the cosmic
variance.

4.3. Spatial Distribution and Angular Two-Point
Correlation Function

Figure 8 shows the spatial distribution of our 3176 [O 1] emitter
candidates in the COSMOS field. There can be seen some clus-
tering regions. In particular, it is worthwhile noting that there
appears to be a filamentary structure near the central region of
the field in Figure 8. If this is real, this filament extends across
~40 Mpc. At z ~ 1, large-scale clustering of red galaxies with
the scale of >10 Mpc have been identified (e.g., Tanaka et al.
2001; Nakata et al. 2005; Gal et al. 2005). Our result suggests
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Fic. 8.— Spatial distributions of our [O 1] emitter candidates in the COSMOS field (black points). The areas with blue circles are masked out for the detection. The red
arrow in the top left corner shows the comoving scale of 10 Mpc.
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that not only red galaxies but also relatively blue, star-forming
galaxies form large-scale clustering at these redshifts.

To discuss the clustering properties more quantitatively, we
derive the angular two-point correlation function (ACF), w(6),
using the estimator defined by Landy & Szalay (1993),

_ DD(9) — 2DR(0) + RR(9)

w(®) RR(0) ’

(15)

where DD(0), DR(), and RR(#) are normalized numbers of galaxy-
galaxy, galaxy-random, and random-random pairs, respectively.
The random sample consists of 100,000 sources with the same
geometrical constraints as the galaxy sample. Figure 9 shows
the ACF of our 3176 and 294 [O n] emitter candidates in the
COSMOS field (top) and SDF (bottom), respectively. The wide
area of the COSMOS allows us to see the clustering properties at
z ~ 1.2, ~90 x 90 Mpc? (comoving), while that of the SDF is
~30 x40 Mpc?. Note that our narrowband survey samples the
thickness of ~70 Mpc at z ~ 1.2 along the line of sight, corre-
sponding to the bandwidth of the NB816.

In spite of the different field, the amplitude and slope of the
ACF are almost consistent among the COSMOS field and the
SDF. The ACFs of [O 1] emitters show significant excess on
small scales. For sample of 0.004 < 6 < 1.11 degree ( filled black
points), the ACF of the COSMOS field is fit by a power law,
w(0) = 4,,0% A, = 0.0064 £ 0.0014 and 3= —0.88 + 0.06
(black line). Note that we did not include negative value of w(6) on
02<6<1.

If the real-space correlation function &(7) is modeled as a power
law, £(r) = (r/r9)”7, we can infer the best-fit power law for £(7)
from w(f) using the Limber transform (Peebles 1980; Phillipps
2005). This gives

y=1-0, (16)
w(@) = LS(T)r]0' 7, (17)
where
VTl(v/2 = 1/2)
= 18
S 7 R (%)
and
f\Il2x5’“/ dx
S(P) =+ —— = 19
® (f\I!xz abc)2 (19)

where x is the proper distance. Note that S(¥) depends only on
the selection function ¥. Assuming that the redshift distribution
of the [O m] emitters is a top-hat shape of z=1.187 £ 0.016,
we convert the amplitude A4,, to the correlation length ry. Then
we obtain v = 1.88 £ 0.06 and ry = 1.67704} h~' Mpc, where
h = Hy/100 km s~' Mpc~!.

The correlation function atz ~ 1 is also studied by Le Fevre et al.
(2005) and Coil et al. (2006). Le Fevre et al. (2005) analyzed 7155
galaxies with 17.5 < Iag < 24 at0.2 < z < 2.1, from the VIMOS
VLT Deep Survey (VVDS). They obtained v = 1.967037 and
ro = 3.0970:6L 11 Mpc, for the subsample of 561 galaxies at
1.1 < z < 1.3 by power-law fitting of the ACF in a proper length
range of 0.1-10 2~! Mpc. Coil et al. (2006) analyzed ~25,000
galaxies with Mz < —19 at 0.7 < z < 1.3 from the DEEP2 Gal-
axy Redshift Survey. From power-law fitting of the ACF at 0.1—
20 h~! Mpc, v = 1.71 4 0.03 and o = 3.69 4 0.14 2~! Mpc

comoving distance(Mpc)
0.1 1 10 100

w(0)

1 1 1
0.001 0.01 0.1 1
0(degrees)

comoving distance(Mpc)
0.1 1 10 100

1 1 1
0.001 0.01 0.1 1
0(degrees)

Fi6. 9.— Angular two-point correlation function of the [O 1] emitter candi-
dates at z =~ 1.2 in the COSMOS field (top) and in the SDF (bottom). Red and
green points in fop shows the ACF of bright [O 1] emitter candidates [42.3 <
log L([O 1))] and that of faint [O 1] emitter candidates [42.03 < log L([O u]) <
42.3] in the COSMOS field, respectively. Black, red, and green lines show the
best-fit power law for the whole, bright, and faint samples of the COSMOS [O 1]
emitters for a range of 0.004 < § < 1.11 (filled circles), respectively. The scale
on the top axis denotes the projected comoving distance at z ~ 1.2.

are obtained for the DEEP2 subsample (10,530 galaxies with
Mg < —19).

The slope of the COSMOS is consistent with that of the
VVDS within the errors. The relatively small value of v = 1.71
is obtained in the DEEP2 (0.7 < z < 1.3) with respect to those
of the COSMOS (z =~ 1.2) and VVDS (1.1 < z < 1.3) samples.
This is consistent with the result from the VVDS, which shows
slight increase of the slope v with increasing redshift (Le Fevre
et al. 2005).
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The correlation length of the COSMOS is smaller than those
of the VVDS and DEEP2. This difference may be due to that the
brighter galaxies are selected by the VVDS (—23 < Mp < —19)
and DEEP2 (M3 < —19) than by our COSMOS [O 1] sample
(Mp < —18 estimated by z’ magnitude). It has been extensively
studied that more luminous galaxies are more strongly clustered
in the local universe (Norberg et al. 2001, 2002; Zehavi et al.
2005)and atz ~ 1 (Coil etal. 2006; Pollo et al. 2006). Further, the
selection method adopted in the DEEP2 tends to exclude rela-
tively blue galaxies and may result in the larger correlation length
than those of the COSMOS [O 1] sample and the VVDS sample.
It is known that the early type galaxies tend to show stronger
clustering than late type ones (Loveday et al. 1999; Norberg et al.
2002).

Since our samples are selected by emission-line features and
thus biased to star-forming galaxies, the comparison is not straight-
forward. Therefore, we also compare our results with those of
Meneux et al. (2006). They measure the spectral type depen-
dence of correlation function using a sample of 6495 VVDS gal-
axies. The galaxies with spectroscopic redshifts were divided into
four spectral classes from E/SO (type 1), early spiral, late spiral,
and irregular/star-forming galaxies (type 4). Our [O 1] samples are
expected to be almost late spiral and irregular star-forming gal-
axies (see Figs. 2 and 3), we compare with merging type 3 and 4.
They find that merging type 3 and 4 galaxies at 0.9 <z < 1.2
(1030 galaxies, effective redshift = 1.032) have v = 1.86f81(1)§';
and ro = 2.58703 h~! Mpc. The slope is in good agreement
with that of the COSMOS within the errors. Although this cor-
relation length is smaller than that of all galaxies in the VVDS
and DEEP2, and closer to our value o = 1.67 A~! Mpc, it is still
larger than our result. Note that the magnitude range of both an-
alyses is nearly the same. A interpretation of this result is that
strong emission-line galaxies show weaker clustering than overall
late type galaxies.

To investigate the dependence of [O n] luminosity, we also
derive the ACFs for subsamples of different luminosity bins
in the COSMOS field: (1) 42.03 < log L([O 1)) < 42.30, and
(2) 42.30 < log L(]O u]). Note that log L([O u]) = 42.03 corre-
sponds to the luminosity limit at the faint end. The green and red
points in the top panel of Figure 9 show the ACFs obtained for
the faint subsample and for the bright subsample, respec-
tively. By power-law fitting of each ACF in a range of 0.00
4 < 6 < 1.11 degree we obtain 4,, = 0.0048 + 0.0015 and 3 =
—0.95 £ 0.09 (Figure 9, green line) or v =1.95 + 0.09 and
ro = 1657082 1~ Mpc for the faint sample, and 4,, = 0.0065 +
0.0014 and 8 = —0.96 £ 0.06 (Fig. 9, red line) or v = 1.96 £
0.06 andry = 2.00f8:1§ h~! Mpc for the bright sample. The ACF
amplitudes in the COSMOS field are given in Table 6.

Our result that clustering increases with increasing luminosity
is consistent with many previous investigations (Norberg et al.
2002; Zehavi et al. 2005; Coil et al. 2006; Lee et al. 2006). The
deviation from the power law at a small scale is also reported by
previous investigations (Zehavi et al. 2004; Ouchi et al. 2005b;
Coil et al. 2006; Kashikawa et al. 2006; Lee et al. 2006). This
could be explained by galaxy multiplicity in a single dark matter
halo at higher luminosities and on smaller scale. We do not an-
alyze luminosity dependence of the ACF in the SDF, because
compared with the COSMOS field, the number statistics of the
SDF is too small to carry out this detailed analysis of the clus-
tering property.

5. SUMMARY

A wide-field narrowband imaging survey for [O u] 43727
emitting galaxies at z ~ 1.2 in the HST COSMOS 2 square de-
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TABLE 6

ANGULAR Two-PoINT CORRELATION FUNCTION AMPLITUDES
rorR THE COSMOS FieLp

) w(0)

(deg) All 42.03 <logL < 42.30 42.30 <logL
0.0011...... 8.652 &+ 0.255 9.755 £ 0.571 14.984 £ 0.730
0.0018...... 3.035 £ 0.162 2.378 £ 0.368 5.097 £ 0.459
0.0028...... 1.138 £ 0.102 0.937 £ 0.229 1.762 £ 0.289
0.0044...... 0.605 + 0.064 0.726 £ 0.146 1.309 £ 0.183
0.0070...... 0.335 £ 0.041 0.430 £ 0.092 0.502 £ 0.117
0.0111...... 0.319 + 0.026 0.266 £ 0.059 0.409 + 0.074
0.0175...... 0.253 £+ 0.016 0.264 £ 0.037 0.348 + 0.047
0.0278...... 0.190 + 0.010 0.150 £ 0.024 0.288 + 0.030
0.0440...... 0.131 + 0.007 0.143 £ 0.015 0.156 + 0.019
0.0698...... 0.072 £ 0.004 0.049 £ 0.010 0.088 + 0.012
0.1106...... 0.045 £ 0.003 0.047 £ 0.006 0.042 + 0.008
0.1753...... 0.023 + 0.002 0.012 £ 0.004 0.030 £ 0.005
0.2778...... —0.014 £ 0.001 —0.008 £ 0.003 —0.028 £+ 0.003
0.4402...... —0.013 £ 0.001 —0.011 + 0.002 —0.019 £ 0.002
0.69717...... 0.000 + 0.001 —0.003 £ 0.002 0.009 + 0.002
1.1059...... 0.002 + 0.001 0.005 £ 0.003 —0.003 £ 0.003
1.7527...... 0.031 £ 0.025 0.041 £ 0.054 —0.110 £ 0.075

gree field has been presented. Our main results and conclusions
are as follows.

1. In this survey, we have found 3176 [O 1] emitting galaxies
in a comoving volume of 5.56 x 10° Mpc?. This is the largest sur-
vey for [O 1] emitters beyond z = 1 to date.

2. Although our survey samples numerous [O 1] emitting gal-
axies, most of them are relatively brighter ones with log L([O u]) >
10%203 ergs s~!. Therefore, it is difficult to investigate fainter parts
of [O 1] luminosity function. In order to obtain more reliable in-
formation, we have also analyzed optical photometric data of the
Subaru Deep Field (SDF) available for public (Kashikawa et al.
2004). Then we constructed the [O 1] luminosity function and
found the star formation rate density of 0.32f8:82 M, yr~! Mpc =3
in the COSMOS field. This result is consistent with those of pre-
vious works at similar redshifts (see Hopkins 2004) within the errors.

3. The spatial distributions of [O 1] emitters show some overden-
sity regions over the entire field. In particular, a filamentary structure
is found in the central region of the COSMOS field. Its extension is
estimated as several tens of Mpc. These results suggest that the star-
forming galaxies at z ~ 1.2 found here tend to cluster.

4. Our angular two-point correlation function of the COSMOS
field is fit by a power law, w(f) = (0.0064 + 0.0014)9~0-83+0-06
We confirmed the previous results that more luminous galaxies
have stronger clustering strength. We found significant deviation
from power law at small scale in the ACF of [O 1] emitters. This
result is consistent with previous surveys (Zehavi et al. 2004; Ouchi
et al. 2005b; Kashikawa et al. 2006), which suggests that [O 1]
emitters at z ~ 1.2 are biased tracers of the mass density field.
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Fic. 10.—Optical spectra of COSMOS [O 1] emitter candidates. Their ID numbers and spectroscopic redshifts are shown at left top in each panel. The vertical dotted
line shows the wavelength coverage of NB816. They are all in the expected redshift range, 1.17 <z < 1.2.

APPENDIX

In this Appendix, we show optical spectra of the following three [O 1] emitters: ID 948253, ID 1297800, and ID 1690252. The
spectra shown in Figure 10 were obtained during the z-COSMOS observing runs with VIMOS on the Very Large Telescope (see

Lilly et al. 2006) for details.
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