
 

 

Franco D. Albareti   
 

 

 

 

 

 

 
 

 

 

 

Instituto de Física Teórica UAM/CSIC 

30th March 2015 

PhD student 

under the supervision of 
 

Prof. Antonio L. Maroto and Prof. Francisco Prada 



 

 

Franco D. Albareti   
 

 

 

 

 

 

 
 

 

 

 

  

30th March 2015 

PhD student 

under the supervision of 
 

Prof. Antonio L. Maroto and Prof. Francisco Prada 

 

Acknowledgements 

 



 

 

Franco D. Albareti   
 

 

 

 

 

 

 
 

 

 

 

  

30th March 2015 

Work in collaboration with 
 

 

Johan Comparat (IFT-UAM/CSIC), Carlos M. Gutiérrez (IAC), 
 

Isabelle Pâris (Trieste Obs.),  David Schlegel (LBNL) , 
 

Martín López-Corredoira  (IAC), Donald P. Schneider (Penn. U), 

é 
 



·Fine structure constant? 

 

 

 

 

 

Introduction  

Strength of coupling between 

the electromagnetic field/vector bosons and matter. 

 

Fundamental constant of Nature 

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Nebulium? 

 

 

 

 

Introduction  

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Nebulium? 

 

 

 

 

Introduction  

Catôs Eye Planetary 

Nebula 
Franco D. Albareti  

30th March 2015 

IberiCOS  



·Nebulium? 

 

 

 

 

Introduction  

Two new lines discovered by 

Huggins 1864  Franco D. Albareti  

30th March 2015 

IberiCOS  



·Nebulium? 

 

 

 

 

Introduction  

Two new lines discovered by 

Huggins 1864  

In 1927,  

Bowen showed that 

they are due to [OIII]  

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Nebulium? 

 

 

 

 

Introduction  

Two new lines discovered by 

Huggins 1864  

In 1927,  

Bowen showed that 

they are due to [OIII]  

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Nebulium? 

 

 

 

 

Introduction  

Two new lines discovered by 

Huggins 1864  

In 1927,  

Bowen showed that 

they are due to [OIII]  

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

Franco D. Albareti   
 

 

 

 

 

 

 
 

 

 

 

Instituto de Física Teórica UAM/CSIC 

30th March 2015 

PhD student 

under the supervision of 
 

Prof. Antonio L. Maroto and Prof. Francisco Prada 



 

 

Franco D. Albareti   
 

 

 

 

 

 

 
 

 

 

 

Instituto de Física Teórica UAM/CSIC 

30th March 2015 

PhD student 

under the supervision of 
 

Prof. Antonio L. Maroto and Prof. Francisco Prada 



 

 

 

Introduction  

Where do we look for those lines? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

[OIII] on quasar spectra               Cosmological probes 

 

 

Introduction  

Where do we look for those lines? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

[OIII] on quasar spectra               Cosmological probes 

 

Current constraints based on the [OIII] doublet method 

 

Introduction  

Where do we look for those lines? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

[OIII] on quasar spectra               Cosmological probes 

 

Current constraints based on the [OIII] doublet method 

 

Introduction  

Where do we look for those lines? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

[OIII] on quasar spectra               Cosmological probes 

 

Current constraints based on the [OIII] doublet method 

 

Introduction  

2 

Where do we look for those lines? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

[OIII] on quasar spectra               Cosmological probes 

 

Current constraints based on the [OIII] doublet method 

 

Introduction  

2 

Sloan Digital Sky Survey 

Where do we look for those lines? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Outline 
 

·Introduction  

 

·Methododology 

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Outline 
 

·Introduction  

 

·Methododology 

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

 

 

 

Methodology 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

 

 

 

Methodology 

Same width 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

 

 

 

Methodology 

Same width 

Amplitude ratio ~ 3 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

 

 

 

Methodology 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

 

 

 

Methodology 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

 

 

 

Methodology 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

Methodology 

Redshift independent 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Measurement method 

 

 

[OIII] doublet 

Methodology 

Redshift independent 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Outline 
 

·Introduction  

 

·Methododology  

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Outline 
 

·Introduction  

 

·Methododology  

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Quasars from SDSS-III/BOSS 

~300,000 

Sample selection 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Quasars from SDSS-III/BOSS 

~300,000 

Sample selection 

Wavelength 

R
e

d
s
h

if
t 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Quasars from SDSS-III/BOSS 

~300,000 

Sample selection 

HŬ Hɓ 

MgII  

CIII]  

CIV  

LyŬ 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Quasars from SDSS-III/BOSS 

~300,000 

Sample selection 

[OIII] 4960 5008 A 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Quasars from SDSS-III/BOSS 

~300,000 

Sample selection 

[OIII] 4960 5008 A z < 1 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Sample selection 

Quasars up to z = 1; >10,000 (clean) 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Sample selection 

Quasars up to z = 1; >10,000 (clean) 

 

·S/N [OIII]  > 10 

 

·Converging 

Gaussian fits 

 

·Outliers > 4ů 
 

Aceptance rate ~ 1/4 

 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Sample selection 

Quasars up to z = 1; >10,000 (clean) 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Sample selection 

Quasars up to z = 1; >10,000 (clean) 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Outline 
 

·Introduction  

 

·Methododology  

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Outline 
 

·Introduction  

 

·Methododology  

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Results 
Systematics? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Misidentification  of the lines 
 

·Interval  for the Gaussian fits  
 

·Hɓ contamination  
 

·Continuum subtraction  
 

·Different  fitting  methods  
 

Results 
Systematics? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Misidentification  of the lines OK  
 

·Interval  for the Gaussian fits OK 
 

·Hɓ contamination OK 
 

·Continuum subtraction OK 
 

·Different  fitting  methods OK 
 

Results 
Systematics? 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Spatial variation 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Spatial variation 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  

OK 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Spatial variation 

 

Dipole? 
 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Spatial variation 

 

No statistical 

significance 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·Robust constraint for the variation of the fine structure 

constant at z ~ 0.6 (5.7 Gyr ago) (more than 35 samples 

analyzed).  

 

 
 

 

 

 

 

   
 

 

 

 

 

 

 

 

      

 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·Robust constraint for the variation of the fine structure 

constant at z ~ 0.6 (5.7 Gyr ago) (more than 35 samples 

analyzed).  
 

·For further details,  

 

 
 

 

 

 

 

   
 

 

 

 

 

 

 

 

      

 

ñFDA, J. Comparat, F. Prada et al.,  

arXiv:1501.00560ò 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·Robust constraint for the variation of the fine structure 

constant at z ~ 0.6 (5.7 Gyr ago) (more than 35 samples 

analyzed).  
 

·For further details,  

 

·Wellé, it is not a big improvementé 

 

 
 

 

 

 

 

   
 

 

 

 

 

 

 

 

      

 

ñFDA, J. Comparat, F. Prada et al.,  

arXiv:1501.00560ò 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·Robust constraint for the variation of the fine structure 

constant at z ~ 0.6 (5.7 Gyr ago) (more than 35 samples 

analyzed).  
 

·For further details,  

 

·Wellé, it is not a big improvementé 

 

 
 

 

 

 

 

   
 

 

 

 

 

 

 

 

      

 

ñFDA, J. Comparat, F. Prada et al.,  

arXiv:1501.00560ò 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS  

mmmé

why? 



Errors   

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Errors  

Standard deviation  

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Errors  

Standard deviation 

Sky  

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Errors  

Standard deviation 

Sky  

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Atmospheric O2 airglow emission  

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



The precision is limited by the sky subtraction 

Results 

Franco D. Albareti  

30th March 2015 

IberiCOS 



The precision is limited by the sky subtraction 

Results 
Simulations 

Franco D. Albareti  

30th March 2015 

IberiCOS 



The precision is limited by the sky subtraction 

Results 
Simulations 

Franco D. Albareti  

30th March 2015 

IberiCOS 

Typical 

errors 

from the 

Gaussian 

fitting  



The precision is limited by the sky subtraction 

Results 
Simulations 

Franco D. Albareti  

30th March 2015 

IberiCOS 

Errors  

Typical 

errors 

from the 

Gaussian 

fitting  



Results 
Redshift bins 

Franco D. Albareti  

30th March 2015 

IberiCOS 



Outline 
 

·Introduction  

 

·Methododology  

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Outline 
 

·Introduction  

 

·Methododology  

 

·Sample selection 

 

·Results 

 

·Future projects 
 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

 

 

·VLT/UVES          High-resolution spectrograph 

 

 

 

 

 

 

 
 

 

 

      

 

Future projects 

R ~ 62,000 ï 110,000 

z ~ 0,6 
 < 10^-6 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

·VLT/UVES          High-resolution spectrograph 

 

 

 

 

 

 

 
 

 

 

      

 

Future projects 

R ~ 62,000 ï 110,000 

z ~ 0,6 
 < 10^-6 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

·VLT/UVES          High-resolution spectrograph 

 

 

 

 

 

 

 
 

 

 

      

 

Future projects 

R ~ 62,000 ï 110,000 

z ~ 0,6 
 < 10^-6 

Proposal submittedé 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

·VLT/UVES          High-resolution spectrograph 

 

 

 

 

· APOGEE-N        Med-resolution spectrograph 

 

 
 

 

 

      

 

 < 10^-5 

Future projects 

R ~ 62,000 ï 110,000 

z ~ 0.6 
 < 10^-6 

R ~ 22,000 

z ~ 2.2 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

 

 

 

 

 

· APOGEE-N        Med-resolution spectrograph 

 

 
 

 

 

      

 

 < 10^-5 

Future projects 

R ~ 22,000 

z ~ 2.2 

APOGEE-Q 

Ancillary  Science 

 Proposal 

For SDSS-IV/APOGEE -2 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

 

 

 

 

 

· APOGEE-N        Med-resolution spectrograph 

 

 
 

 

 

      

 

 < 10^-5 

Future projects 

R ~ 22,000 

z ~ 2.2 

APOGEE-Q 

Ancillary  Science 

 Proposal 

For SDSS-IV/APOGEE -2 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

 

 

 

 

 

· APOGEE-N        Med-resolution spectrograph 

 

 
 

 

 

      

 

 < 10^-5 

Future projects 

R ~ 22,000 

z ~ 2.2 

APOGEE-Q 

Ancillary  Science 

 Proposal 

For SDSS-IV/APOGEE -2 

Franco D. Albareti  

30th March 2015 

IberiCOS 



 

 

 

 

 

Thanks! 
 

 

 

 

 

 

 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

 

 

Backslides 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 
 

Exact formula for the determination of the 

variation of the fine structure constant 

Franco D. Albareti  

30th March 2015 

IberiCOS  



·Fine structure constant? 

 

 

 

 

 

Introduction  

Energy levels 

Relativity  + Spin 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

How do we measure its variation? 
 

 

·Geological constraints 
 

 

·Local measurements 
 

 

·Astronomical tests 

 
 
 

Introduction  

Absorption  z = 0.6-4 

Emission   z = 0.05-1.0 

Oklo phenomenon  z=0.15 

Meteorites  z=0.45 

10 years 

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

How do we measure its variation? 
 

·Absorption lines from quasars 

   (Many-multiplet method ) 

·More precise 

·Several assumptions 

·Controversial 
 
 

Introduction  

Franco D. Albareti  

30th March 2015 

IberiCOS  



 

 

 

How do we measure its variation? 
 

·Emission lines doublet from quasars 

·Less precise 

·Straight-forward  

·No assumptions 
 

Fine structure of the emission lines 

Introduction  

Franco D. Albareti  

30th March 2015 

IberiCOS  



Introduction  

Franco D. Albareti  

30th March 2015 

IberiCOS  

 

·Forbidden lines 

 

·Electric quadrupole 

and magnetic dipole 

transitions 

 

·Found in extremely 

rarefied media 

 

 

 

 

 

 



Continuum fit: seven-order polynomial 

 

 

Methodology 

Franco D. Albareti  

30th March 2015 

IberiCOS  



Continuum fit: seven-order polynomial 

 

 

Methodology 

Franco D. Albareti  

30th March 2015 

IberiCOS  


