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Objectives

B QSO-Galaxy correlation:
= Formation and Fuelling mechanism of QSO

m History of the large scale structure formation

m Observations so far:

m z<1.0

® Poor statistics (~tens of QSOs)
®m Goal of our study:

= BExplore z > 1.0

® High statistics (~hundreds or more)

# QSO/AGN catalog (SDSS, 2dF, ...) 100,000 known QSOs/AGNs
® Archived deep images by large telescopes (Subaru).

= Opt ~ IR (SuprimeCam, MORICS)




Data Discovery through JVO

m Two VO data services are constructed:
m QSO Catalog data service (Veron et al. 2006 from VizieR)

® Subaru SuprimeCam image data service

® Both services are developed by using the JVO SkyNode
toolkit.

B htt

p:/ /1vo.nao.ac.jp/download /skynode-toolkit

m SuprimeCam images containing cataloged QSOs are

searched on JVO portal service.

m Three kinds of data search methods




SQL Search mode

General interface for data access

9 JY0 Data Search — Mozilla Firefox

JVO Data Search

Statuz | Begistry | Search | Worlflow | Besult| Database | 050 | DataViewer | Link | Memorvtdonitor | Logout
= All | Simple | TWOQL | Subatu

Input JVOQL

SELECT T dfog.

FRON ivo:/ S Jvo/vizier/VII/235:gs0 veron 2003 gso,

ivo:// jvo/subaru/ spoam: spos mos_view AS img

WHERE .1d between 0 and 10000

img. format = 'dimage/fits' AND img.filter id = 'W-C-RC!
gs0.v_wayg < 20

img.region = Circle((gso.raj2000, gso.dej2000)1, 0.02)




User I/F
Dedicated
for a specific
purpose

£9Q50-Galaxies Search — Mozilla Firefox

e IE REE FTA IEEhE debw-hE W=D AT

QSO-Galaxies Search

Status | Begistry | Search | Wotkflow | Eesult | Databaze | Q50 | DataViewer | Link | Memorybdonter | Logout

= Cuery | Catalog | PhotoZ
'fData Search

Search | Gheck SaL |

D for your query Observation MName |

Search Method & Al Sky O Specify Region By Q50 Mame

Search Region EA: heozos2s [deg) DECZW [deg] Ra&us:ﬁz_ [deg]
QSO ID IDBETWEEN [0 AND [joooo

QSO name |n|:|t zelected _j I

Brightness V_mag [mag] between [10.0  and [20.0

Redshift z between [0.0 and [4.0

Table of SuprimCam [ spcam_exp view (Table for SuprimGam Exposure) =)

Image Filter I'u'u'—O—RO vI
Image Size |2.IZI [arcinin]

Search | Gheck saL |

=T




Wortkflow (Script) mode

Automate the procedure: data discovery, data retrieval, image
analysis (source extraction), photo-Z estimation ...

=101 %]

SrME BEE BTN BESGE TvR-5E w-LD AT

- e 1

W LA LL -l d liug
Lrraylf3tring listoOfFilelame
Lrraylfltring listOflbhjectName
Lrraylfltring listOfCataloglame
3tring wdir
int nuwBands
Lrraylfitring listOfFileFordhject
LrrayofDataHandler listOfDataHandler
ArrayOf3tring listOfFilterName
VOTAELE resultPhotol
String resultFilelNane
SEQUENCE
Jwvogl = Q303tudy.createdVOQL (geoTable, ra, dec, radi, imageTable, imageiize, magLimitc)
votableForImage = exXecuteguery(jwvodgl)
storeVoTable (votableForImage[0] , result filel)
liscQfURL = of803tudy.getlListOLfURL (votableFor Image [0] )
listofFileName = Q2303tudy.getListofFilelName (votableForImage[0] )
listofdbjectlame = Q303tudy.getlistOfibjectName (votableFor Image [0] )
listofCatalogName = 03053tudy.getlistOfCatalogaweForObhject (list0f0bjectlame)
FOR listCfURL
INVOEE ivo://jvo/tools/sextractor catalogDH = performForURL (1istOfURL[ count])
storeVOTable (catalogDbH, listOfFileMName[ count])
END
wdir = getCurrentWorkDir ()
FOR listOfdbijectlames
numBands = Q303tudy.prepareForHypers (vdir, listOfobjectlName[ count], listOfFileName, listOfCatalogisame[ count])
END
PARFCR listOfCbhjectlName
executelyperZ (listO0fCataloglame[ count], listOfCbhjectMame[ count])
END
END




Procedure of QSO image search

erod OAf

. all’
1. Request QSO Coordinates (ADQL) s

> QSO Catalog

< ] 108080 records
2. QSO Coordinates (VOTable)

3. Request images of QSOs
(ADQL+VOTable)

>
<€

Subaru SuprimeCam

4. Metadata of Images (VOTable) Image Data

30444 exposures

5. Request an image (HTTP Get) 991 mosaic images

>

< <
6. A QSO image (FITS)
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SuprimeCam QSO Fields

®m Three wide band filters, Exposure > 1000 sec

m ~060 out of 1599 fields ( )
m ~700 out of 108080 QSOs/AGNs (
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Number of QSOs in each field (#QSO>=3)

Field name |#filter| #QSO Field name |#filter| #QSO

COSMOS
LHNW
SSA13
NGC4486 1
J0053+1234
F10525S
MS2054
Lynx
RXJ0153

Chandra deep

M51
NGC2419
Z5Jsos
SDSS J0338+0021 CL1604 3
CL1604 2
CL1604 5
CL1o04 4
0918+06
0127-00
CL1604 8
NGC4486 3

SDSSp J 104433.0...
MS0451.6-0305

XMM deep

MS0016

SIRTE HDF-N Field
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Analysis

m Reject images whose coverage 1s less than
area centered at QSO position.

m Check if there are at least images.

m Source Catalog around QSOs (SExtractor)

m Calculate redshift probability P(z) (HyperZ)

m Select objects with

m Radial distribution. (dead pix, bright objects)

m Spatial QSO-Galaxy cross-correlation amplitude




Average Radial Profile for
z=0.5~1.5

ﬂ + 34 QSOs
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Average Radial Profile for
z=1.5~4.0
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Spatial QSO-Galaxy cross-correlation
amplitude B,

Number density of Galaxy at a distance 7 from a QSO

n(r)oV = p4[l +[ qg(r)J]M/

Average Number density of Galaxy at QSO redshift

gqg(T’) — _fy

Number expected from BG region
200~280 arcsec

Total Number within 60 arcsec (0.5 Mpc)

Number density brighter than limiting magnitude at QSO redshift



B oq VS Redshift




Summary

m Data discovery of deep images around known

QSOs is easily achieved.
m 700 QSOs are imaged by Subaru SuprimeCam
® 100 QSOs are analyzed.

B By is derived for z = 0.5 ~ 4.0

® Tendency of increase of Bgq at higher redshifts
® Clustering seems to be significant for M < -25

m Future Work

® Analyze more data (only 20% of data is anlyzed )
® Incorporate IR data (Subaru MOIRCS etc.)

m Better Photometric redshift estimate.

m Farly type galaxies.




