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Dimensionless ConstantsDimensionless ratios – things we can actually check
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Varying Fine Structure Constant
� Fine-structure effect (Hydrogen-like atom):
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where Z, Za and n∗ are the charge of the atoms, the effective
charge and the effective principal quantum number, respectively.

� General case1:
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V.A. Dzuba, V.V. Flambaum, and J.K. Webb, PRL 82, 888 (1999)
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Varying Fine Structure Constant
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Quasar
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Absorption Profile
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Observations

� Quasar: J1120+0641
� Second most distant quasar: z = 7.085

(12.96 billion years ago).
� Bright: 6.3× 1013 solar luminosities.

� Very Large Telescope (VLT):
X-SHOOTER

� Broad spectral wavelength coverage.
� High resolution:
R = λ/∆λ = 7, 000− 10, 000.
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AI algorithm

� VPFIT: Voigt profile fitting program2

� No unique model.
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https://www.ast.cam.ac.uk/ rfc/
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AI algorithm: GVPFIT3
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M.B. Bainbridge and J.K. Webb, MNRAS 468, 1639

3
M.B. Bainbridge and J.K. Webb, MNRAS 468, 1639 (2017)
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AI algorithm: GVPFIT

10 of 20



AI algorithm

� Akaike Information Criterion statistic:

AICc = χ2 + 2k +
2k(k + 1)

(n− k − 1)
,

where k is the number of free parameters, and n is the number of
data points.

� Eliminates most of the human decision-making processes.

� Minimises or removes any possible bias.
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Identified Systems
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Identified Systems

� α dependence of the transitions observed in these systems.

� Observed frequency: ωz = ω0 + q(α2
z/α

2
EM − 1).

1300 1400 1500 1600 1700
80
60
40
20
0

20
40
60
80

Pe
rc

en
ta

ge
 c

ha
ng

e 
in

 

NV
CIV

SiIV SiII
FeII

AlII

2300 2400 2500 2600 2700 2800 2900

FeII FeII MgII

10000 11000 15000 16000 17000 18000

Wavelength (Å)

13 of 20



System-I

� Thermal fit at zabs = 5.507
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System-I

� Turbulent fit at zabs = 5.507
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System-I

� Doppler / b-parameter: bi =
√

2kT
mi

+ b2turb

� Thermal: bi =
√

2kT
mi

or vi =
√

3kT
mi

� Turbulent: bi = bturb or vi = vturb
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System-II

� Thermal fit at zabs = 5.591
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System-II

� Turbulent fit at zabs = 5.591
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Results

� 323 measurements: 0.2 < zabs < 7.1.
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Results

� Final column combines the thermal and turbulent values.
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