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Introduction

¢ Fine structure constant?

Strength of coupling between
the electromagnetic field/vector bosons and matter.

Fundamental constant of Nature

Does it change with cosmic time?
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Introduction

P
* How: A = 5008.240 A

[Ol111] doublet |

A\ = 4960.295 A

Franco D. Albareti
28th September 2015
TAE 2015 Benasque



Introduction

P
* How: A = 5008.240 A

[Ol111] doublet |

A\ = 4960.295 A

Franco D. Albareti
28th September 2015
TAE 2015 Benasque



Introduction

M\ = 5008.240 A

Forbidden lines
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Introduction

e \\Where?
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. Introduction

Cat’s Eye Planetary
Nebula
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Introduction

ey : In 1927,
o % Bowen showed that
i, they are due to [OlII]

Two new lines discovered’ by
Huggins 1864
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Where?
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Introduction
Where?
|OI111] on quasar spectra

Cosmological probes
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Introduction

Where?

We need lots of them!
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Introduction

Current constraints based on the [Ol11] doublet method

Reference #QSO spectra  Aa/a (x107)
Bahcall et al. (2004) 42 7T+ 14
Gutiérrez & Lopez-Corredoira (2010) 1,568 24 +25

Rahmani et al. (2014) 2,347 -2.1+1.6

Franco D. Albareti
28th September 2015
TAE 2015 Benasque



Introduction

Current constraints based on the [Ol11] doublet method

Reference # QSO0 spectra C Aa/a (x107°)

Bahcall et al. (2004) 42 7+ 14
Gutiérrez & Lopez-Corredoira (2010) 1,568 24+ 2.5

Rahmani et al. (2014) 2,347 -2.1+1.6

Franco D. Albareti
28th September 2015
TAE 2015 Benasque



Introduction

Current constraints based on the [Ol11] doublet method

Reference # QSO0 spectra C Aa/a (x107°)

B —

Bahcall et al. (2004) 42 7+ 14
Gutiérrez & Lopez-Corredoira (2010) 1 568 24+25
Rahmani et al. (2014) 2,347 -2.1+1.6

Sloan Digital Sky Survey
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e Methodology
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Methodology

Measurement method
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Methodology

Measurement method
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Methodology

Measurement method
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Methodology

Measurement method
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Methodology

Measurement method
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Methodology

Measurement method
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Methodology

Measurement method

Redshift independent
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Methodology

Measurement method

[O111] doublet
Sho=47945 A —> e~ 1A =
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e Methodology v’
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Sample selection sdlss.0rg

Sloan Digital Sky Survey
SDSS Dotw Suveys. Insteoments Collaboration) Beslis) | Edacstion’ Gomtuct

Search www.sdss.org m

The Sloan Digital Sky Survey: Mapping the Universe i SRS

The Sloan Digital Sky Survey has created the most detailed three-dimensional maps Franco D. Albareti

of the Universe ever made, with deep multi-color images of one third of the sky,and  28th September 2015
spectra for more than three million astronomical objects. Learn and explore all TAE 2015 Benasque




Samgle selection

4 surveys
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Samgle selection

4 surveys

' SEGUE-II
‘@(Mllky way structure:
< kinematics)
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Samgle selection

Explore our

neighborhood \

ExoplanefS)iae ==

SEGUE 1}

‘@(Mllky way structure:
< kinematics)
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Samgle selection

' SEGUE-II
‘@(Mllky way structure:
< kinematics)
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Samgle selection

Baryonic Oscillation
Spectroscopic Survey

BOSS spectrograph =—» R~ 2000

Luminous Red Galaxies (LRGS)
&
Quasars
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Samgle selection

Baryonic Oscillation
Spectroscopic Survey

BOSS spectrograph =—» R~ 2000

SDSS-IV/eBOSS Luminous Red galaxies (LRGS)

(still further away)
Quasars
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Samgle selection

Baryonic Oscillation
Spectroscopic Survey

BOSS spectrograph =—» R~ 2000

SDSS-IV/eBOSS Luminous Red alaxies (LRGS)

(still further away) ~300.000
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Samle selection

Quasars from BOSS
June 2014
g7 > 297,000
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isars from SDSS-111/BOSS
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Redshift

Samgle selection
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Redshift

Franco D. Albareti
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Saml !|e SeleCtion TAE 2015 Benasuge
Quasars up to z = 1; >10,000 (clean)

MgIl [NelIT] Hy Hp [OII] II .;
fl’_ 1 | :"1/1/: /1

e S/N [OI11] > 10
e Converging
f Gaussian fits
e Qutliers > 4o
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Redshift
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Redshift

Samgle selection
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e Sample selection
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e Results
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Aaja (x107%)

Error

Results
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Results
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Systematics? Results

Aa/a = (1.4 +£23)x 107
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Systematics? ReS—UItS

Aa/a = (1.4 +£23)x 107

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hp contamination OK

e Continuum subtraction OK

e Different fitting methods OK

Franco D. Albareti
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Results

Aa/a = (1.4 +£23)x 107

Spatial variation

Hemisphere  # QSO spectra redshift Aa/a (x1077)
North 8,069 0.56 = 0.21 2.6 +£2.6
South 2,294 0.59 + 0.20 -3.1+£49
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Results

Aa/a = (1.4 +£23)x 107

Spatial variation

‘l' North 8,069 0.56 = 0.21 2.6 + 2.6 ]_ OK

redshift

# QSO spectra Aa/a (x107°)

South 2,294 0.59 = 0.20 -3.1+£4.9
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Results

x"2
T —

Aa/a = (1.4 +23)x 107

Spatial variation

Dipole?
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Results

Aa/a = (1. 4 2 3) x 1072

Spatial variation

No statistical

significance
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[Nelll] lines Results
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[Nelll] lines Results
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[Nelll] ||nes ReSUItS TAE 2015 Benasude
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[Nelll] lines Results
IC 418 (spirograph nebula)
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[Nelll] lines Results
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IC 418 (spirograph nebula)

Relative intensity

- Small |
[Nelll] line
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blended with He
and Hel



Shift (A)
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[Nelll] lines Results
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oo e T Small |
- ' [Nelll] line i
i N |

He/[NellI] (A) (observed)

convolved spectrum .
P blended with He

and Hel



Shift (A)

Franco D. Albareti
28th September 2015
TAE 2015 Benasuge

[Nelll] lines Results

IC 418 (spirograph nebula)

-  Small |
' | [Nelll] line

20t

5 -
n
—

050 e

O
-

0-0:\ | I L L | I L L I | I I I I | I 1 1 I | I 1 I I \:

He/[NellI] (A) (observed)

convolved spectrum .
P blended with He

and Hel



Median (107! erg em™ s~! A71)

[Nelll] lines Results
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Median (107! erg em™ s~! A71)

[Nelll] lines

[NellI] 3870
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Results
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Error (Aa/a) (X 1073 )

10 ¢
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Simulations Results
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Simulations Results
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Results
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Redshift bins Results
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Linear redshift dependence I“I N

Redshift

a=(07+21)%x10"*
b=(0.7+14) x 10"

Results
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Results

Aa/a = (0.9 +1.8) x 107

e Combining with quasars from DR7
e SDSS spectrograph

e Reanalizing the spectra ~ 3,000 SDSS — I/II

~ 10,000 SDSS — III/BOSS

> 132 OOO : |uasars Franco D. Albareti
28th September 2015

TAE 2015 Benasque



Results
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Results

Aa/a = (0.9 +1.8) x 107

e Robust constraint for the variation of the fine structure
constant at z ~ 0.6 (5.7 Gyr ago) (more than 35 samples

analyzed).

- “FDA, J. Comparat, F. Prada et al.
° ’ ’ ’
For further details, MNRAS 452 (2015) 4153,

arXiv:1501.00560”
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Outline

e APOGEE-Q
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APOGEE-2 Ancillary Science Proposal
April 3. 2015

APOGEE-Q
APOGEE Quasar Survey

Type of request: 1

Pl

Franco D. Albareti
Instituto de Fisica Teorica UAM/CSIC
Cantoblanco. C/ Nicolas Cabrera, 13-15., 28049 Madrid
Franco D. Albareti

Phone number: +34 91 299 98 71 28th September 2015
E-mail: franco.albareti@uam.es TAE 2015 Benasque



APOGEE Quasar Survey
20<z< 24

e Fine-structure constant

® Black hole mass

e Redshifts
[Olll] —» APOGEE
Mgll, CIV == BOSS

® 777

A (A) (rest frame)

4850 4900 4950 5000

Pilot program 2015/16
40 targets, 12 visits === 450 fiber hours

Collaborators: F.D. Albareti, J. Comparat, F. Prada, I. Paris, A. Font, D. Schlegel,
J. Hennawi, J-P. Kneib, D.P. Schneider, A. Myers, W. Brandt, J.K Parejko, your name here...
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Exact formula for the determination of the
variation of the fine structure constant

17th April 2015
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Introduction

¢ Fine structure constant?

Energy levels

SR —

Relativity + Spin

SR —

Franco D. Albareti
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Introduction

o~ 1/137
How do we measure Its variation?

e Geological constraints Oklo phenomenon z=0.15
Meteorites z=0.45
e | ocal measurements ——> 10 years

Absorption z =0.6-4
Emission z =0.05-1.0

Franco D. Albareti
17th April 2015
12th MultiDark

e Astronomical tests -[



Introduction

o~ 1/137

How do we measure Its variation?

e Absorption lines from quasars

(Many-multiplet method )
e More precise
e Several assumptions
e Controversial

Franco D. Albareti
17th April 2015
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Introduction

o~ 1/137

How do we measure Its variation?

e Emission lines doublet from quasars
e Less precise
e Straight-forward
e No assumptions

Fine structure of the emission lines

Franco D. Albareti
17th April 2015
12th MultiDark



Introduction

A2 = 5008.240 A | e Forbidden lines

A\ = 4960.295 A

e Electric quadrupole
/Oé and magnetic dipole

/)E f‘ \M transitions

--------------- e Found in extremely
rarefied media

Franco D. Albareti
17th April 2015
12th MultiDark



Flux

Methodology

Continuum fit: seven-order polynomial
Ha HS, Hq/, H(S MgII

50:-

o

Franco D. Albareti
A 17th April 2015
12th MultiDark



Flux

Methodology

Continuum fit: seven-order polynomial
Ha, HB, Hvy, HS, MglI

50

40

4000 5000 6000 7000 8000 92000
Franco D. Albareti
A 17th April 2015
12th MultiDark
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Sample selection
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e Redshift z < |
® NOise S/N[OIII]SOOS > 10

e Non-converging Gaussian fits
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Systematics

e Misidentification of the lines

4960/ 5008 — 1 (%) # QSO spectra  redshift Aa/a (x1077)
< 50% 10,028 0.56 £0.21 1.6 £2.3
< 25% 8,877 0.56 +£0.21 1.9+23
< 10% 5,846 0.56 +£0.21 1.7+25
< 5% 3,458 0.54 £0.22 -0.9 £3.0
[A X 5008 / [A X Alaggo  # QSO spectra  redshift Aa/a (x1077)
3.00 + 0.50 8,308 0.56 +£0.21 1.8 +2.4
3.00 + 0.25 5,752 0.55 £0.21 -0.2+2.6
3.00 +0.10 2,677 0.54 +£0.21 0.4 +3.4

3.00 = 0.05 1,411 0.52 £0.22 29 +4.5
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3.00 + 0.25 5,752 0.55 +£0.21 0.2 +£2.6
3.00 +0.10 2,677 0.54 +0.21 -0.4 +3.4

3.00 £ 0.05 1,411 0.52 £0.22 29 +4.5
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< 10% 5,846 0.56 +0.21 1.7+2.5
< 5% 3,458 0.54 +£0.22 0.9 +£3.0
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Systematics

e Misidentification of the lines

04960/ 075008 — 1 (%) # QSO spectra  redshift Aa/a (x1073)

< 50% 10,028 0.56 +0.21 1.6 £2.3
< 25% 8,877 0.56 £0.21 1.9+23 OK
< 10% 5,846 0.56 +0.21 1.7+2.5
< 5% 3,458 0.54 +£0.22 0.9 +£3.0
[A X As00g / [A X Auoe0 | # QSO spectra  redshift Aa/a (x1077)

3.00 + 0.50 8,308 0.56 £0.21 1.8 +2.4

3.00 + 0.25 5,752 0.55 +£0.21 0.2 +£2.6 OK

3.00 +0.10 2,677 0.54 +0.21 -0.4 +3.4

3.00 £ 0.05 1,411 0.52 £0.22 29 +4.5



Franco D. Albareti
17th April 2015
12th MultiDark

Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits
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e Misidentification of the lines OK

e Interval for the Gaussian fits
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e Interval for the Gaussian fits

Systematics

e Misidentification of the lines OK
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Fit width # QSO spectra  redshift Aaja (x107)
20 10,363 0.56 £0.21 14+23
30 10,252 0.59 +0.20 55+2.5
4o 9,978 0.59 +0.20 7.1 +£2.7
nfea 9,727 0.59 +0.20 53+2.6



e Interval for the Gaussian fits

200
30

4o
S50

Systematics

e Misidentification of the lines OK

# QSO spectra

10, 363
10, 252
9,978
9, 127

redshift

0.56 £0.21
0.59 +0.20
0.59 +£0.20
0.59 +0.20
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e Misidentification of the lines OK

e Interval for the Gaussian fits

# QSO spectra  redshift
2a 10, 363 0.56 £0.21
30 10,252 0.59 +£0.20
4o 9,978 0.59 +£0.20
So 9.727 0.59 +

More affected by noise and Hbeta
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits

# QSO spectra  redshift Aaja (x107)
o 10.363  0.56 =021 14+23
30 10.252  0.59 +0.20 5.5+2.5
4o 9.978  0.59 +0.20 71+27 |OK
50 90.727  0.59 +p» 53 +2.6

More affected by noise and Hbeta
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e Misidentification of the lines OK

e Interval for the Gaussian fits

Franco D. Albareti
17th April 2015
12th MultiDark

200
30

4o
S50

# QSO spectra  redshift
10, 363 0.56 £0.21
10,252 0.59 +£0.20
9,978 0.59 +£0.20
9.727 (.39

Aa/a (x1077)

14+2.3
55425
Tl £ 2.7
53+2.6

More affected by noise an

OK



Franco D. Albareti
17th April 2015
12th MultiDark

Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination
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e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

300

250 F

O

Hﬁ\ \]\A

..

4800 4850 4900 4950 5000 5050

A

Franco D. Albareti
17th April 2015
12th MultiDark



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

300

250 F

O

Hﬁ\ \]\A

..

4800 4850 4900 4950 5000 5050

A

Franco D. Albareti
17th April 2015
12th MultiDark



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nug/ 1014960 # QSO spectra  redshift Aa/a (X1072)
<5 10, 338 0.57 +0.21 14 +23
<2 9,831 0.57 +0.21 0.6 +2.3
<1 8,162 0.57 +0.21 0.1 +£2.5

< 0.5 5,831 0.58 £0.21 -0.7 £2.8



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nug/ 101114960

<5
<2
<1
< 0.5

# QSO spectra

10,338
9,831
8,162
5,831

redshift

0.57 +£0.21
0.57 £0.21
0.57 +£0.21
0.58 +£0.21
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Aa/a (x1077)

1.4+273
0.6 +2.3
0.1 +2.5
—-0.7 £ 2.8



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nug/ 101114960
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< 0.5

# QSO spectra

10,338
9,831
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nug/ 101114960

<5
<2
<1
< 0.5

# QSO spectra

10,338
9,831
8,162
5,831

redshift

0.57 +£0.21
0.57 £0.21
0.57 +£0.21
0.58 +£0.21
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Aa/a (x1077)

1.4+273
0.6 +2.3
0.1 +2.5
—0.7 £ 2.8
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction

Pol. order (continuum) # QSO spectra  redshift Aa/a (x1077)

3 10,529 0.57+£0.21 1.0+2.3
5 10,550 0.57 £0.21 1.3+£2.3
7 10, 363 0.56 +£0.21 1.4+23
9 10,471 0.56 +£0.21 -1.1+£23



Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction

Pol. order (continuum) # QSO spectra  redshift

10,529 0.57+£0.21
10, 550 0.57 £0.21
10, 363 0.56 +£0.21
10,471 0.56 +£0.21

G\JMMI
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Aa/a (x1077)

1.0+23
1.3+£2.3
1.4+2.3
—1.1+2.3
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction

Pol. order (continuum) # QSO spectra  redshift Aa/a (x1077)
3 10,529 0.57 £0.21 1.0+2.3
5 10,550 0.57 £0.21 1.3+2.3 OK
7 10,363 0.56 +0.21 1.4+23
9 10,471 0.56 +0.21 —-1.1+2.3



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination OK

e Continuum subtraction OK

e Different methods

Method # QSO spectra
Gaussian (weighted) 4,537
Gaussian 4,537
Integration 4,537
Modified Bahcall 4,537
Median 4,537

redshift

0.58 £0.20
0.58 £0.20
0.58 £0.20
0.58 £0.20
0.58 £0.20
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Aa/a (X1077)

-04+28
1.2+4.5
3.6 +4.8
0.8 +44
1.8+1.4



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination OK

e Continuum subtraction OK

e Different methods

Gaussian (weighted) 4,537
Gaussian 4,537
Integration 4,537
Modified Bahcall 4,537
Median 4,537

redshift

0.58 £0.20
0.58 £0.20
0.58 £0.20
0.58 £0.20
0.58 £0.20
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Aa/a (X1077)

-04+28
1.2+4.5
3.6 +4.8
0.8+44
1.8+14
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction OK

e Different methods

#QSO spectra_redshift  Aajar (<105

Gaussian (weighted) 4,537 0.58 +0.20 —04 +2.8

Gaussian 4,537 0.58 + 0.20 1.2 +4.5
Integration 4,537 0.58 +0.20 3.6 +4.8 OK

Modified Bahcall 4,537 0.58 +0.20 0.8 +4.4

Median 4,537 0.58 £0.20 1.8+1.4
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction OK

e Different methods OK

e And more...(simulations)
“F. D. Albareti et al., arXiv: 1501.00560”



Systematics

Final results
Reference #QSOspectra  Aa/a (107)
Bahcall et al. (2004) 42 7+ 14
Gutiérrez & Lopez-Corredoira (2010) 1,568 2.4+ 2.5
Rahmani et al. (2014) 2,347 -2.1+1.6

This work (2014) 10,363 1.4 +£2.3

Franco D. Albareti
17th April 2015
12th MultiDark



Systematics

Final results
Reference #QSO specra  Aa/a (107)
Bahcall et al. (2004) 42 7+ 14
Gutiérrez & Lépez-Corredoira (2010) | 1,568 2.4+ 2.5
Rahmani et al. (2014) 2,347 -2.1+1.6
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Systematics

Final results
Reference #QSO spectra ~ Aa/a (-1072)
Bahcall et al. (2004) 42

Rahmani et al. (2014) 2,347

Gutiérrez & Lopez-Corredoira (2010) l 1,568
This work (2014) 10,363

A factor 2.5 of improvement is expected...?
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Results

Aa/a = (1.4 +23)x 107

e Robust constraint for the variation of the fine structure
constant at z ~ 0.6 (5.7 Gyr ago) (more than 35 samples

analyzed).

1. “FDA, J. Comparat, F. Prada et al.,
®
For further details, ArXiv-1501 00560

e Well..., it is not a big improvement...
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The precision is limited by the sky subtraction
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Future projects

e VLT/UVES —> High-resolution spectrograph
R ~ 62,000 — 110,000
z~0.6

Aa/a <1076
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e VLT/UVES —> High-resolution spectrograph
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e VLT/UVES —> ngh resolution spectrograph
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Future projects

e VLT/UVES —> High-resolution spectrograph
R ~ 62,000 — 110,000
z~0.6

e NOT/FIES —=>High-resolution spectrogpraph

R ~ 62,000 - 110,000
z~0.3

Aa/a <1076
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Future projects

A P O G E E - ! , APOGEE-2 Ancillary Science Proposal
April 3, 2015

Ancillary Science APOGEE-G
P r O p O S al a APOGEE QFI&]S&{' Survey

For SDSS-1V/APOGEE-2

(=]
=}
T T T T

O 24
O || ® z-band
| z—ban
|| © Halo % ® O ] ” 22 | ® i-band ] |
| O Stream @® 1 Cé) L ® r—band g “:-I,_J‘]
B —- i
@® ® 2 0l =
=
@ @ 5
® ® 1 -
@ @ @ @ O = 18 = . —F BT
" -
ffffff @ ®g@® e
O R 163: LI ]
| I I I I | I I I I | L L I I | I I L I I | L I L I | I I I I | I I I I | I I I I | I
100 150 200 250 18 19 20 21 22

RA J2000 SDSS photometry




Dec J2000

Future projects

Franco D. Albareti
17th April 2015
12th MultiDark

P —N
0 HE [OmII]  [OII] HE [OI1I] [OI1I] . Hg [O1IT] [OIII]
i i i j i
gt SDSS J094206.96+352307.3 E 12 DSS J023145.89+182254.7 ] ISDSS J080149.94+133430.0
P ' z=2022 T z = 2.0663 ] 6 2= 2387 ]
= qt 1 = wt {1 =
4 | 1 T, ]
- 3 ’ 1 = . 1 =
5 | Nhy 5 8 . t 1 %
g st e T o 4 | 1 24 ]
L:.. | | Il I|'-|.|. . | ,_f' 6 | l ' | | | |I r E !:..
RF | A l | A B N i
IE 4F |-'I". fl_l__ 1. IJ'II B = | | II | i 1 |E 3 | 'Ir 4 | k
= EMA T | < Y Moanlt = bl ¥ i |
w3 J__l,ll | 'l. TR BT Lo 1 < 4 | o 1T I‘.'-_ 1q I ey [y L Nl L )
| L | | ] af ] B U ldl Tai .I i
146 148 1.50 1.52 - 148 1.50 152 154 164 L66 L68 1.70
A (pm) (observed) A (grm) (observed) A (m) (pbserved)
Hp [OI]  [OII] Hg [olll]  [OII] w Hp (oI [OII]
- SDSS J154058.70+47 3827.5 1 2 SDSS J142656.19+682550.9 ] 15 SDSS J030449. 56— 0808136 ] ]
6 T z= 2550 2 z=3.204 1 < 2= 3286 l
= st i = |, ] 1 ]
T’. ..I."' ok YL . ] '.". 25 3 |
E 6o 1 B i iy ] 6 e
at a T, . 1 ®w i
4( o = d! Ty, Flads TR B = q i
e 4r 1 = 25} (L L N 4 = T
= = : ! 1] Lo ] Hiny
N i | 2 L] S T
UL el L YTV | ) 20} ] | ol
2( pl 1 T S T L Y S SRR L P 5 . I A S S R . |
172 1.74 L76 1.78 L0 204 206 2.08 210 .12 08 210 212 214 116
A (um) (observed) A (gm) (ohserved) A (m) (observed) ]
. ® ® . ® = T LT ,
********** N Y - - - - - - - » L1
@ @ O _:_.'Hﬂ" ] " ]
16 % “« w B
| | | L L L | | L | L L | L | L 1
100 150 200 250 18 19 20 21 22
RA J2000 SDSS photometry




Dec J2000

6(

S

2

Future projects

Franco D. Albareti
17th April 2015
12th MultiDark

P —N
0 Hg [OIIT] [OIIT] Hp [OLII) [O1I] . Hp [OIII] [OI1T]
i i i i
gt SDSS J094206.96+352307.3 12 DSS J023145.89+182254.7 1 ISDSS J080149.94+133430.0
T | 2= 2022 T z = 2.0663 : 2= 2387 ]
= 4t = 1wf 4 =
“ ol a . 5[ ]
) . ) )
g e A l ] 8
o5t IR I (R | | 1 ®4 ]
L:.. | I| I|'.|.|. ) ; 6} | | [ ' | | | ||I . ] L:..
= 4'.||" ' ™ 1 (1 = IR ! 1 TN 1 s 3t {1 v (i i | ]
= Ll 4 [ | et LA L = i L 4 ! ! I\'l' & |
< ,f AN T E ) Z af|[ Iff PR = i A AT VI A P
B rr '- | 2! Wit Al E o
! [ Wl
] S S T L 2 L L Lo L L M f . C
1.46 1.48 1.50 1.52 1.48 1.50 1.52 1.54 164 L66 168 1.70
A (pm) (observed) A (grm) (observed) A (m) (pbserved)
Hp [OI]  [OII] Hg [omn [ X Hp (oI (o111}
- = i
- SDSS J154058.70+47 3827.5 2 SDSS J142656. IQ+{ e SDSS J030449. 56— 0808136 ] i
T 7= 2550 . c i 7= 13286 |
o \e B
§ 6f 1 i
! ] I-. B
.F 4t I
_I= T Fi —!
= Ir Lo A ] i
ol L L L .. L L L L g |
172 1.74 L76 1.7 210 212 214 116
A (um) {(observed) A (m) (observed) ]
® - |
77777 @ @®g
| | | L L | L | 1
100 150 20 21 22

RA J2000

SDSS photometry




Samle selection

Quasars from BOSS
December 2009
7> 1,000
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Samle selection

Quasars from BOSS
June 2010
7> 19,000
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Samle selection

Quasars from BOSS
December 2010
7 > 46,000
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Samle selection

Quasars from BOSS
June 2011
7 > 84,000
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Samle selection

Quasars from BOSS
December 2011
g7 > 107,000

o
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Samle selection

Quasars from BOSS
June 2012
H > 164,000
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Samle selection

Quasars from BOSS
December 2012
7 > 189,000
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Samle selection

Quasars from BOSS
June 2013
B > 245,000
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Samle selection

Quasars from BOSS
December 2013
H > 264,000
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