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  ABSTRACT 
  We present the results of  the wide-field (31’×24’) narrow band (custom-made NB413) imaging of  the field around the radio galaxy 53W002 (the 53W002 field or 
53W002F) with Subaru/Suprime-Cam. We detected the 204 Lyα emitters (LAEs) at z = 2.4 down to 26 AB mag (NB413) with the rest frame equivalent width 
(EW0) larger than 25 Å. We also detected the 4 Lyα blobs (LABs). The entire LAE population in the 53W002 field have the number density, EW and size 
distributions similar to those of  other fields at z ∼ 2. We identify the significant high density region (53W002F- HDR) that spreads over ≈ 5′ × 4′ and have the 
LAE number density of  nearly four times as dense as the average of  the entire field, while only a fraction of  the objects detected by the previous medium-band 
survey was proved to be at z = 2.4. Using the probability distribution function (PDF) of  mass fluctuation we evaluate its rareness probability, and find that 
53W002F-HDR is the moderately rich structure with the rareness probability of ~ 0.9 %. The distributions of the Lyα EW and luminosity in the 53W002 
field show no notable environmental dependency at the scale of 10 Mpc, which is also confirmed by using the data of  the other fields. By contrast, the four LABs 
are all found to be located in the rims of  high density regions.  

・Instruments:Subaru/S-cam,Bband+N413band 

・target:(α,δ)=(17h14m10.3s,+50d16m07s) 
          ↑53W002を中心としたScam１視野分 

・PSF～0.9” 

・available FoV=707(𝑎𝑟𝑐𝑚𝑖𝑛ଶ） 

 =>Volume～50Mpc×40Mpc×90Mpc  

              (Comoving,@z=2.4) 

(LAE selection analysis) 
・Selection based color-magnitude diagram + Visual check 

  1,NBmag<25.95 (5σ以上で検出) 

  2,B-NB>0.676 (EWrest > 25Å) 

  3,B-NB>color-error(4σ) 
          (輝線無天体の混入を防ぐ) 

 

Observation & Analysis 

Band Total 
exposure(hour) 

5σ  detection  
limit(ABmag) 

 B 1.0 26.70 

NB413 3.5 25.95 

204 LAEs (& 4 Blobs) 

↑Sky distribution of  objects at z = 2.4 in 53W002F - Black  
lines correspond to contours of  smoothed LAE number  
density: the mean (bold line), 0.5 × mean, 2 × mean (red) and  
2.85 × mean of  the entire field.We call the most high density  
region as 53W002F-HDR (orange rectangle).  

1, Identification of High Density Region 
  We revealed the large scael structure traced by LAEs in 
53W002F clearly (see the right figure). We identified the 5’ 
× 4’ region around the most dense point as the significant 
high density structure (53W002F-HDR). 
  Their LAE number density (4.3×10-3Mpc-3) is nearly four  
times as dense as the mean of  the entire field.	


2, Difference from previous works 
  We compared  our results with the previous LAE searches  
in 53W002F. Most of  the LAEs previously reported are not  
selected in our analysis (see the bottom figure). 
 This may be due to the difference of   
the filters (previous works used medium  
band).Our NB413 is expected to sample 
 the LAEs from z=2.4 thinner sheet wh- 
         ose depth is 90Mpc (comoving). 

3, LyαBlobs (LABs) 
  LAB selection criteria is, 
isophotal area(2σin Lyα)  
　　> 10arcsec2 (extent of ~30kpc), 

⇒  4 LABs 
Especially unique one is No18!! 
 - Morphologically, it has the two jet- 
   like structures/two tails. 
 - Central core has the two knots con- 
   nected with AGN.(Motohara et al. 2001) 

 - No18 was detected as submm  
   source.(Smail et al. 2003) 

4, LAE properties in the entire field 
  We confirmed that the LAE number  
density, size distribution and EW dis- 
tribution is not exotic compared with 
other z~2 LAEs. 
=> 53W002F is normal field as a whole 

12
”	
  

(P
hy
si
ca
l	
  1
00
kp
c)
	


↑	
  The	
  4	
  LABs	
  in	
  53W002F	
  –	
  
Green	
  bold	
  contours	
  super-­‐	
  
posed	
  on	
  continuum	
  images	
  	
  
show	
  the	
  isophotal	
  apertures	
  
of	
  the	
  Lyα	
  image,	
  2σ	
  arcsec-­‐2	
  	
  
of	
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  background	
  Nluctuation.	
  	
  

 LAB selection criteria $ isophotal area＞(*&( ​345675↑+ ) 
 

 
 ☆No18： 
 ・morphologicalにユニーク 
   東向きと北向きにbow-shock状の構造 
   南方向と西方向にtail状構造 

　（先行研究から） 
   中心核は２成分からなる系 
   => 赤くコンパクトな南成分(2型AGN) 
      青くdiffuseな北成分(Lyα peak) 
   submm-detected 

Results：Lymanα!Blob(LAB) 

(Lyα画像で2σ以上)     (physical30kpc程度の広がり) 

仮説：!
２個の銀河のmergingにより、AGN活動性!
が劇的に上がり、super%windが誘発!
No19とも相互作用 
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HST/B	


HST/J	


←The LAEs previously reported 
(yellow circles: Pascarelle et al. 1998, 
green circles: Keel et al. 1999) in our 
color-mag diagram. Most of  them are 
in the featureless sequence (B-NB~0).	


3, Rich regions and LABs 
The RPs of  the regions where the 4 LABs live 
: 53W002=>10%, No18=>7.7%, No19=>7.7%, NEW=>10% 
・・・The LABs are biased to moderate dense regions  
                                       (rims of high density region, rather than density peaks). 
      Three of  them lies in the very small area (the rim of  53W002F-HDR).	
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As we see the reasonably large scale structure (R∼
10 Mpc) now it is plausible to use the linear theory
approximation with the normalization factor of σ8

= 0.81 (Komatsu et al. 2011) to estimate σR(R).
We applied the redshift distortion corrected σR(R)
in Eq.(4) because we need to make the PDF in red-
shift space in order to compare with observation.
The correction takes into account the average con-
tribution of the linear redshift distortions induced
by peculiar velocities (Kaiser 1987), and see Mari-
noni et al. (2005) about details. Figure 9 shows
the examples of the PDF of mass fluctuations for
three different epochs, where we adopt the radius
of sampling spheres of R = 10 Mpc.

We evaluated the rareness of 53W002F-HDR as
follows. First we made the mass PDF at z = 2.4
with R = 10.5 Mpc. Note that the scale of 10.5
Mpc corresponds to the radius of the sphere hav-
ing the equivalent volume with 53W002F-HDR in
comoving scale. Next we calculated the probabil-
ity of having δmass larger than that of 53W002F-
HDR (1.5) from the mass PDF, resulting in 0.9 %.
This implies that 53W002F-HDR is the rich region
in the z = 2.4 universe where such overdense struc-
ture exist with the probability of 0.9 %. Hereafter
we call such a probability representing rareness of
structure as “rareness probability”.

5.2. The Environmental Dependency of LAEs’
Properties

As the environmental parameter for every LAE
we estimated the LAE number overdensities from
the number counts within the projected circular
regions centered at each LAE and having radius
of 2.3′ (comoving 3.9 Mpc), which corresponds in
volume to a sphere with radius of 10 Mpc. Here
we used the 162 LAEs that lies away at least 2.3′

from the edge of the image to avoid underestimate
of LAE density due to the edge effect.

To search the dependence of the properties on

environment for the 162 LAEs in the 53W002 field,
we divided the samples into the three subsamples
with the separators of LAE ovedensity = 0.94 and
-0.17, which correspond to the rareness probabil-
ities of 12 % and 50 %. Hereafter we call the
subsample with the LAE overdensity range of -
1 ∼ -0.17, -0.17 ∼ 0.94 and 0.94 ∼ as “poor re-
gion sample”, “normal region sample” and “rich
region sample”, respectively. They contain 60
(rich region sample), 69 (normal region sample),
and 33 (poor region sample) LAEs. First, we in-
vestigated the EW0 distributions. Here we used
EW0s measured by the Kron photometry to cap-
ture all of Lyα photons emitted from host galax-
ies although it leads lower limit of EW0s due to
possible contamination of lights from foreground
galaxies. Figure 10 shows the resulting distribu-
tions of the three subsamples. There are the hist-
grams for number fraction (top panel) and cumu-
lative fraction (bottom panel) in the figure, and
both of them show no difference among the three
subsamples. Secondarily, we investigated the dis-
tributions of the Lyα luminosities, also using the
measurements based on the Kron photometry. We
shows the result in Figure 11. The distributions
of the three subsamples are in agreement within
the error bars, with possibly the week trend that
rich region sample has the distribution biased to
larger Lyα luminosities than normal or poor region
sample. While observed Lyα luminosity or EW0

is easily affected by dust extinction it is expected
that they are connected with the mechanism emit-
ting Lyα photons of LAEs statistically. Therefore
we conclude that the Lyα emitting mechanism of
LAEs are not influenced by environmental effect
at least in the 53W002 field.

We also investigated the environmental depen-
dency of LAEs in other fields in the same way.
As the supplemental data, 386 LAEs in the SXDS
field and 196 LAEs in the SDF field at z = 3.1 are
used. Their spatial distribution, EW0s, and Lyα
luminosities will be reported in a separate paper
(Yamada et al. in preparation), where the SXSD
and SDF fields are considered as the blank fields
at z = 3.1 with no density excess. In this paper we
present only our original analysis and the results
for the z = 3.1 LAEs. We applied almost the same
manner as we did for the LAEs in the 53W002
field: conunting the number within the circular re-
gion that has the equivalent volume with a sphere
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↑	
  The	
  mass	
  PDFs	
  with	
  the	
  scale	
  of	
  
R=10Mpc	
  for	
  three	
  different	
  cosmic	
  
epochs.	


1, Evaluation of the rareness of 53W002F-HDR 

53W002F-HDR : δLAE,HDR=2.7±0.8                  　δmass,HDR=1.5±0.5  
                              Volume is equivalent to that of  the sphere with R=10.5Mpc 
=> calculate the probability of  having δmass larger than 
      δmass,HDR (Rareness Probability; RP) from PDF 
 

                      0.9+2.4 %	


LAE	
  bias	
  =	
  1.8	


-­‐0.62	


2, The Environmental dependency of LAEs 
  Environment for each LAE 
: RPs  in the spheres with R=10Mpc center- 
  ed at each LAE 
LAEs are divided into three subsamples by 
 their environment 
        rich region sample : 0%<RP<12% 
=>   normal region sample : 12%<RP<50% 
        poor region sample : 50%<RP<100% 
 
There is no notable difference in the EW and 
LLyα  distributions among three subsamples, 
which indicate Lyαemitting mechanism  
 of LAEs doesn’t depend on their environment.	


(Left)	
  The	
  EW0	
  distributions	
  for	
  the	
  three	
  subsamples.	
  	
  
(Right)	
  The	
  Lyα	
  luminosity	
  distributions.	
  
In	
  both	
  Nigures,	
  the	
  distributions	
  of	
  the	
  three	
  subsamples	
  are	
  
in	
  agreement	
  within	
  the	
  error	
  bars.	


↑	
  Simulation	
  of	
  large	
  scale	
  structure	
  formation	
  
Millennium	
  Simulation	
  
(http://www.mpa-­‐garching.mpg.de/millennium/	
  )	


z=5.7	
 z=0	


NB413	
 B	
 Lyα	
continuum	


rareness	
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