0A

5 Y OF : i ;
#CAMBRID((;!{ ; UNIVERSIDAD
: DE CANTABRIA

Data mining for High redshift
Radio loud Quasars

D. Tuccillo!, R. McMahon?, |.J. Gonzalez-Serranol, R. Carballo3, M. Banerji?

1 - Istituto de Fisica de Cantabria (Spain) 2- Institute of Astronomy, Cambridge (UK),3-Dpto. de Matematica Aplicada, Univ. de Cantabria

YEARS

1962-2012 +




CONTENTS 2/13

>>Introduction: Interest in Radio Loud quasar
selection and Surveys used in our investigations

I) FIRST = SD S S ID. Tuccillo, I.J. Gonzalez-Serrano, R. Carballo]: SeleCtion Of a. liSt

of Radio Loud quasars candidates with 3.6<z<4.4. Results
of their observation

2) FIRST 'UKIDSS' SDSS[D.Tuccillo, R. McMahon, L.J. Gonzalez-Serrano, M. Banerjil «
Selection of a list of Radio Loud quasars at higher redshift
oryeryred o e, . L




INTRODUCTION : CONTEXT 3/13

Seyfert ® Radio Quiet QSOs For z>3.6
QSOs ® Radio Loud QSOs

The fraction of RL QSOs is a strong function
of magnitude, redshift and radio Flux limit
(Jiang, L., and al. 2007 )

AGNs

Relativistic jet

To identify a QSO we need their..Spectra

....but

as long as we can’t have spectra of the whole
sky we need candidates Selectlon Cr 1ter 1a

4 — La\V =

w
T
|

| Composite spectra of a RL QSOs from
\ HB,[0111] | FIRST Bright Quasar Survey
| (Brotherton, M. and al. 2001)
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S tera of selection: _y More efficient selections involves use of
’ multiwavelength surveys and data mining
CO|OF—CO|OI" P|OtS "Data mining is the process of automatically or

semi-automatically discover useful information

in large data repositoriee that might otherwise

Surveys Used in our investigation ::::.-..

FIRST -- Faint Images of the Radio Sky at Twenty-cm --

Selection based on radio survey-> less contamination
Area covered: 9,033 sq. deg stars, useful in finding highly reddened QSOs

FIRST(2008reIease){ i adei it S AL R I S
Area covered: | 1,663 sq. deg
SDSS DR7 {

811,117 sources ° FIRST
357 million distinct objects

® © 0o 06 06 0 0 0 0 o
® The Sloan Digital Sky Survey

°
*The major OPTICAL multi filter

FIRST Survey Northern Sky Coverage, 2008 July 16 ® *RADIO Survey, area chosen
70 e to coincide with SDSS

® *Use the Very Large Array
o(VLA)[Socorro,NewMexico]

® Syrvey at 20 cm

Dec (deg)

°
°
. °
.. . imaging and spectroscopic survey o

detection limit ~Im]y ° x5 bands - )
° o 2 Wwavebands :u.griz °

*9()9 g
10 S —— o 0% soulrces fcondﬁdencle” o ‘Apache Point Observatory °
17 16 15 14 13 12 1 10 9 8 error circles of radius < ;

RA (e ° 3 [NewMexico] °

.atgur\./ey.thrgshgld. e s S s

2008 P02 2000 B e B9 Boos Biom o

Area covered: about 2,500 sq. deg —
| UKIDSS DR8 { | ' —
69 million objects - . - .

. UKIRT infrared

C Cl... €
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1) investigation : FIRST- SDSS for RL QSOs selection at 3.6 <z < 4.4

——3 222,517 sources —P

d Matching SDSS and FIRST

Surveys 1,5 arcsec

OVERLAPPING area: 8,073 sq. deg.

Supervised Feed Forward NN
used as classifier

7 Neura
separation
variables

Absolute r mag

| Network

1
Layer y' = f(a') = Tres
Output

»d A,

‘o_l
d
g + w;x]
y=1

Input )
-
(u-g)color

*The output y gives the degree

of similarity with the class Ui 1

(g-r)
(r-i)
(i-2)

radio-opt sep

«Ci is the class of the
candidates.

Class assignment
x € C if y(z) = ye

*We test efficiency and completeness on

: log10(FluxRadio)

labelled

[with spectra]

unlabelled (3,356)

[without spectra]

\
B Clean sample(9,140) ‘——-

© 15003000 4500 6000

(5784)

*To train the Neural Network (NN) we use the

labelled sample, divided in the two subsamples as
“target” and “not target”.

Pre-selection
criteria

« |15<psfMag_r<20.2
(AB mag)

*Morphological Type
=Star

s Exclusion photometrical
FATAL ERRORS: Bright,
Saturated, Edge,Blended

spsfMagError<0.2 at
least in one band

The target sample is composed by the 3 6<z<4 4 RL

the testing group as function of yc N

1ev . 111S Y CAOTAlOO | r (N\rhhneilq
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Between 2008 and 2012
we observed 58 candidates and 30 of them
resulted to be actual QSOs with 3.6<z<4.4

NB the observed candidate were selected
with different NNs.The last version has
0 Wm

1) Results : FIRST- SDSS for RL QSOs selection at 3.6 <z < 4.4

«Spectra of 3 (out of a total of 7) of the RL
QSO observed at the NOT telescope in

March 2012
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II) investigation : FIRST- UKIDSS-SDSS, for higher z QSOs or very red

FIRST 2008 N"22¢)_JUKIDSS DR9 (LAS)

matched sources

detected at least in one band (Y,},H,K)

area FIRST-

FIRST-UKIDSS. Mutual distances histogram
T T T T T T

— (10 arcsec)

SDSS DR7

Considering instead 1.5 arcsec,
other 8,273 undetected / \

68,186
detected on SDSS DR7

FIRST-SDSS. Mutual distances histogral m
T T T T T T
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Removing the false negatives
from subsample detected in FIRST and UKIDSS but notin SDSS

In order to have a subsample of sources real and authentically missed in SDSS

8,355 sources
i » Two examples of sources masked. The first is also

List of techniques applied for cleaning up the sample: out field: sometimes the mask bound the entire field

|) excluding all the sources masked in SDSS

BLEEDING and BRIGHT mask
TRAIL masks

HOLE masks

< ~400 maskedk >

2) excluding all the sources outside of the SDSS
footprint, that we call “out of field”

» The Masks polygons in red, the
squares correspond to the fields and
the blue circles are the photometric

I —
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List of techiques applied for cleaning up the sample: “Almost” final picture of the sample
. 85
4) we found a sample of sources with secondary SDSS undetected in SDSS Out Field
counterpart but NOT correspondent primary object. 404
We exluded also this sample Masked
: — , 319
j‘ oooBUT In Field
Ibesides all these criteria, visual inspection indicates 8.355
| some problems with the SDSS data: not detected in
. e , SDSS DR7
» objects with “image” in e objects that results masked in
SDSS but not Photometry the image but not in the data  jfeeesa” et it 657
‘ 3 ' t To exclude all these § 551 Ot Peid
sources.. Not masked | |
7.295
In Field

|) we downloaded ALL the images from the SDSS image tool

2) we developed and used a JAVA w2 2
program combined with a decision 408

+ Objects undetected but in tree method to finally select REAL... &
“huge” galaxies

nding with..

23727812, 080732
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Removing the false negatives from the remaining ~-6000 sources

< ~6’200 sou I’@ .__) ~ 55% detected just in ONE UKIDSS band
= 45% detected at Ieasf / + + \

in TWO UKIDSS band ~6% ~49% ~10% ~80%
Y-only J-only H-only K-only

List of techniques applied to determine how many of them were real and not junk in UKIDSS

I) distribution of the cross match distances 2) Using UKIDSS flags: ErrBits and AperErr
3) Use of otherY apertures 4) Visual inspection of the UKIDSS images
5) Match of the sample with WISE

..we concluded that

~80% of the ONE band only
are real

most of the Y-only
are spurious
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...But what are we searching for?

g 2

Dust-reddéned broad line quasars

(Banerji M. et al. 2012

Ve ry H |gh'Z red Heavily Reddened Quasars at z ~2: A Transitional Phase in AGN Evolution

RL QSOS IR | UV Bright

3 *  Cool Quiasars
<

o 25 °., Dwarfs Red
&‘ il Quasars
[ ]
WORK IN PROGRESS 1.5 .
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All VHS Stellar
Known UVX Quasars

WiI

Red Quasar Candidates
IRAS 1Jy Sample
LT Dwarfs

3

0 1 2
UKIDSS /VHS (4-K))
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our interesting subsamples

3.5 T T T T T T | il B T
: Red |
sources with (J — K > 2.5) Galaxy  Star 25 : Quasars |
- I .|
Detected in SDSS 125 (79) 50 (13) g . o
Undetected in SDSS 16(0) 5 (3) 2 15 R e 1
g 10f P ® . ... o. S .0..'.. i. _.._o ______________ :
In parenthesis the number of sources with K<= 6.5 s . '....5‘-; iy |
LI ..:;'.:.:..
0.0 . ? .
-0.5 .
Star-like sources. In gray sample detected in SDSS (~5,300), o
in red undetected in SDSS (136) ' ‘ ' ' ' © UKDss@l) ' ' ' ' '
o0 Lo [ T P T ;o: ] Star-like sources undetected in SDSS (117 on 136)

detected in WISE
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I) F I RST - S D S S ID. Tuccillo, 1.J. Gonzalez-Serrano, R. Carballole W€ deVCIOped d Very

efficient multi-wavelength Machine Learning technique for Radio Loud quasars
selection. The completeness of the selection allows tests for the completeness
of SDSS and precise computation of Luminosity Function. Technique also
interesting in itself because transferable in other contexts

2) FIRST-UKIDSS-SDSS ID. Tuccillo, R. McMahon, I.J. Gonzalez-Serrano, M. Banerjil +

we carefully selected a sample of Radio-Infrared objects undetected in the
Optical. A sample of objects potentially very interesting. We want now to
understand their nature, like for example for the real bright sources

[ ) ——— e R ——
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