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α =α = ee22

ħħcc

Fine Fine structurestructure constantconstant

~ ~ 1/1371/137
In In somesome unificationunification theoriestheories ((KaluzaKaluza--Klein, Klein, 
superstringsuperstring) ) constantsconstants ofof naturenature are are functionsfunctions 
ofof a a lowlow massmass scalarscalar fieldfield whichwhich slowlyslowly 
changeschanges overover cosmologicalcosmological timescalestimescales

(e. g. (e. g. UzanUzan 2003)2003)

Astrophysical
 

methods
 

(e. g. Garcia-Berro et. al. 2007) allow
 

to
 measure

 
α

 
(z) by analyzing

• Cosmic Microwave Background
• Big Bang Nucleosynthesis
• Fine structure splitting of atomic lines in QSO

-Alkali Doublet Method
-Many Multiplet Method

Δα / α Δα / α < 10< 10--22--1010--33

Δα / α Δα / α < 10< 10--55--1010--66

butbut
 

controversialcontroversial

Ηas α
 

changed over time?
Dirac (1937Dirac (1937)  )  'Very large and very small dimensionless universal constants can'Very large and very small dimensionless universal constants cannot  not  

be pure mathematical numbers and should ratbe pure mathematical numbers and should rather be considered as her be considered as 
variable parameters characterizing the statvariable parameters characterizing the state of the Universe.'e of the Universe.'



[OIII] [OIII] doubletdoublet
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=5008 =5008 ÅÅ
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=4960 =4960 ÅÅ

αα(z(z) ~ () ~ (λλ22
 

--λλ11
 

)(z))(z)

We follow a method (Bahcall & Salpeter 
1965) based on the relative separation of 
[OIII] doublet produced in the NLR of QSOs
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SAMPLE SAMPLE 
••SDSS DR6 SDSS DR6 spectroscopicspectroscopic surveysurvey

containscontains 77,082 77,082 QSOsQSOs, , 

••resolutionresolution 2000 2000 kmkm/s/s

••rangerange 34003400--9200 9200 ÅÅ

••[OIII]  up [OIII]  up toto z~0z~0.85 (28,860 .85 (28,860 

objectsobjects))

CheckingChecking thethe calibrationcalibration: : 

OI OI lineline 5578.885 5578.885 ÅÅ, , σ=σ=
 

0.287 0.287 ÅÅ 
((theorytheory givesgives 5578.887 5578.887 ÅÅ) ) 

OnOn
 

thethe
 

basis basis ofof
 

intensityintensity
 

ofof
 

OIII, OIII, 
HHββ, , andand

 
continuumcontinuum

 
wewe

 
selectselect

 ~1600 ~1600 spectraspectra..
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UzanUzan (2003)(2003)



RejectedRejected
 

(95 %)(95 %) AcceptedAccepted
 

5 %5 %
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SomeSome

 
examplesexamples
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TwoTwo
 

methodsmethods
 

toto
 

estimateestimate
 

thethe
 centroidscentroids

 
givegive

 
similar similar resultsresults
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A=3.012 A=3.012 ±±
 

0.003 0.003 ±±
 

0.0100.010

ComparisonComparison withwith BahcallBahcall et al. (2004)et al. (2004)

LargerLarger
 

samplesample
 

((~x~x
 

25)25)

BetterBetter
 

sensitivitysensitivity
 

((~~55--6)6)



••OtherOther doubletsdoublets ([([NeIIINeIII], [], [NeVNeV], [SII], [OI]) ], [SII], [OI]) offeroffer thethe possibilitypossibility toto check check thethe 
resultsresults andand extendextend thethe analysisanalysis toto higherhigher redshiftsredshifts. . 

••HoweverHowever, , thosethose lineslines are are usuallyusually fainterfainter andand are  are  subjectsubject toto severalseveral 
uncertaintiesuncertainties ((contaminantscontaminants, , unaccurateunaccurate theoreticaltheoretical valuesvalues, , etcetc) ) 
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Results for the different 
atomic species
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NeIII
 

3870 ÅNeIIINeIII
 

3870 3870 ÅÅ

[[NeIIINeIII] ] lineslines shiftedshifted likelylikely duedue toto thethe 
contaminationcontamination ofof HHε,,

 
CaIICaII--H H oror wrongwrong 

theoreticaltheoretical valuesvalues ((notnot completelycompletely 
clearclear))
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RedshiftRedshiftRedshift



-new methods and better control of systematics
-analysis of Planck data
-new spectroscopic surveys (SDSS-III, Euclid, etc)
-surveys in high resolution spectrographs in large telescopes (VLT  
+ESPRESSO, GTC+ high resolution spectrograph, E-ELT+CODEX,…)
-specially devoted instruments (?)

Conclusions (details
 

in Gutiérrez & López-Corredoira
 

2010, ApJ, 713, 
46)

1. From the relative position of the nebular emission of [OIII] λλ5007 and
 λλ4959 Å in the spectra of ~1600 QSOs, we do not find evidence of

 changes in αα
 

up to z=0.8, and put the following constraint

  Δα / αΔα / α
 

< (+2.4 < (+2.4 ±±
 

2.5) x 102.5) x 10--55

 
((improves previous analysis by a factor 5-6).

2. The maximum rate of change in Δα / αΔα / α
 

allowed  is (+0.7 ±
 

0.7) ×
 

10-14 yr-1

in the last 6.6 Gyr.

Future
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