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Motivations

• Most of the reported data from the analyses of H-R quasars, are
consistent with null variation of fundamental constants.

• Webb et al.(1999) and Murphy et al.(2003), α0 < αtoday

(Keck/HIRES).

• Chand et al.(2004), Srianand et al.(2007) arrived to null results
(VLT/UVES).

• Webb et al.(2011), α0 > αtoday (VLT/UVES).

• King et al. and Berengut et al.(2012) stated that the Keck and VLT
data can be made consistent if α would vary spatially.

• Landau and Simeone (2008) pointed out that results calculated
from the mean value over a large z range are different with those
from considering smaller intervals.
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Objetives

• We compare statistically the available data (Keck and VLT)
grouping them in two different ways:

• redshift (z),
• angular position (cos θ).

• We consider 3 phenomenological models for variation:
• null variation,
• time variation of equal to the mean value of each data set,
• spatial variation of α dipole model (King et al. (2012)).
• In each case, computing the amount of data of each group

that lies within the gaussian distribution from each model.
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Statistical tools

• Two different procedures:
• Student Test: For a given interval (z/cos θ) we test for the

difference between 2 population means,(2 sample means µi

(unknown) and 2 sample variances S2
i ). The consistency of

two experiments is taken as the null hypothesis,

H0 : µ1 − µ2 = 0. (1)

• A statistic T (X̄i, Si, ni) is built which follows the Student’s t
distribution if H0 is true. The rejection regions are
determined with λ, the prob. of rejecting H0 when it is true
(Type I error).

• λ∗ is built from T , H0 should be rejected when λ∗ ≤ λ.
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Statistical tools

• Interval choice: In order to avoid any biasing associated with the
arbitrary choice of location and size of the intervals, we have
constructed the intervals such that:
• The 1st interval starts at a z/ cos θ a with fixed b = ∆z/∆cos θ

width. Next i intervals will start at a+ i ∗ c with the same width;
c = 0.1 for z, c = 0.025 for cos θ.

• After testing all these intervals, b is changed and the same
analysis is perfomed again.

• In all cases a minimum number of data in each interval is
considered as a necessary condition for applying the test.
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Statistical tools

• Confidence Interval: In cases when experiment 1 has very few
data, a confidence interval I2 is constructed.

I2 = (X̄2 − tλ/2,n2−1

S2√
n2

, X̄2 + tλ/2,n2−1

S2√
n2

) (2)

• We choose a level λ and the algorithm yields a I2 for this level.
Then, we compare the I2 with each single reported value from
group 1.

• H0 should be rejected at level λ when the reported value from
group 1 is not consistent with I2.

• The choice of the t distribution is motivated by the size of the
samples, which are not expected to be large.
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Statistical tools

• Type II error β: consists in not rejecting H0 when it is false
(0 < β < 1).
• For β a definite alternative hypothesis HA is needed

(µ1 − µ2 6= 0).
• β = f(Φ(zλ/2, µ1 − µ2, S1, S2, n1, n2)) measures, for a given

HA and certain ni, whether the data have led to a too
conservative result or not.

• β >> 0 implies that the data variance is large in comparison
with the difference between the H0 and a given HA, making
difficult to resolve them.

• Small ni will often lead to such large values of β.
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Statistical tools

• Test of “phenomenological” models: for each model a N(0, 1)

asociated with its µ and σ, is constructed. Then, we calculate the
amount of data from each group which lies within the 3 and 6 σ.
The models are:
• Null variation: µ = 0 and σ is the standard deviation reported

by Srianand et al. (2007)
• Mean value variation: we will consider the mean value and

standard deviation reported by each group.
• Dipole variation: there is one distribution for each value of

cos θ; and the value of the “dipole” coordinates is equal to the
one obtained by King et al. (2012) considering each group of
data separately.
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Results

• The most stringent and abundant data are those obtained with the
(MMM) which has only been used in two telescopes:

• Keck and the Very Large Telescope (VLT).

• We will consider the following data groups for our statistical
analysis:
• Group I: Data from Keck (Murphy et al. (2003), King et al.

(2012); 141 data points).
• Group II: Data from VLT (King et al. (2012); 153 data points).
• Group III: Data from VLT (Srianand et al. (2007,2013); 21 data

points).
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Results: redshift analysis

Results of IST (∆z = 0.35, n ≥ 12, λ = 0.025) comparing G.I with G.II.
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Results: redshift analysis

• Group I vs. Group II: An (IST) is aplied; n ≥ 12; λ = 0.025:

• (∆z = 0.30); ITz tested (0.545,2.695); and (1.795,2.695) is not
consistent (73 G.I and 92 G.II data points are consistent).

• (∆z = 0.35); ITz tested (0.440,2.795); and (1.470,2.795) is not
consistent (64 G.I and 67 G.II data points are consistent).

• (∆z = 0.40); ITz tested (0.345,2.845); and (1.170,2.845) is not
consistent (46 G.I and 39 G.II data points are consistent).

• ∆α
α may be relevant at higher z.

• In all cases β > 0.1, it is difficult to distinguish H0 from the HA. β
does not change significantly in (ST) with n ≥ 15, 18, while
increasing n in each dataset involves ruling out many intervals.
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Results: redshift analysis

• Group II vs. Group III: (CI) are built for the data from G.II centered
in each value of data from G.III; with n ≥ 12; λ = 0.025:
• The intervals (1.278, 1.419) and (1.935, 2.110) are not

consistent.
• The interval (0.142, 1.278) is consistent (8 G.III and 53 G.II).
• The interval (1.419, 1.935) is consistent (7 G.III and 42 G.II).
• The interval (2.100, 2.429) is consistent (4 G.III and 18 G.II).

• In all cases β > 0.1. β does not change significantly in (CI) with
n ≥ 15, 18, while increasing n in each dataset leads to enlarge the
(CI) interval.
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Results: redshift analysis

• Group I vs. Group III: (CI) are built for the data from G.I centered
in each value of data from G.III; with n ≥ 12 data (λ = 0.025):
• The interval (1.233, 1.838) is not consistent.
• The interval (0.179, 1.233) is consistent (6 G.III and 54 G.I).
• The interval (1.838, 2.457) is consistent (7 G.III and 28 G.I).

• A similar analysis was performed earlier by Landau and Simeone
(2008) but in that case G.III were data points from Chand et
al.(2004).

• In general β values are high. This situation does not vary much in
(CI) with n ≥ 15, 18, while the (CI) intervals will be too magnified.
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Results: spatial analysis

Results of IST(∆cos θ = 0.075,n ≥ 6,λ = 0.025)comparing G.I with G.II.
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Results: spatial analysis

• The data set were selected by cos θ = X ·D, X is the quasar
position and D is the dipole direction obtained by King et al.
(2012).

• Group I vs. Group II: An (IST) is aplied to reduced interval; with
n ≥ 6 data (λ = 0.025):
• (∆cos θ = 0.070); ITz tested (−0.225, 0.220); and

(0.075, 0.145) is not consistent.
• (∆cos θ = 0.075); ITz tested (−0.225, 0.225); and

(0.075, 0.150) is not consistent.
• (∆cos θ = 0.080); ITz tested (−0.225, 0.230); and

(0.055, 0.155) is not consistent.
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Results: spatial analysis

• (CI) are built for cos θ > 0.225 (9 G.I and 90 G.II), and for
cos θ < −0.225 (73 G.I and 7. G.II); ∆cos θ = 0.1; with n ≥ 11 and
λ = 0.025:
• The interval (0.225,0.497) is consistent.
• The interval (-0.428,-0.328) is not consistent.

• From (IST) and (CI) it follows that 68 G.I are consistent with 112
G.II over the intervals: (-0.454,-0.429); (-0.327,0.05);
(0.150,0.497).

• In all cases β > 0.1, suggesting the need for more data points.
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Results: spatial analysis

• Group II vs. Group III: An (IST) is aplied; ∆cos θ = 0.075; with
n ≥ 3; λ = 0.025:
• ITz tested (0.000, 0.625) is consistent.

• Data points from G.III are consistent with data points from G.II in
the given interval.

• In all these analyzes, the β values are again very high.

• Group I vs. Group III: (CI) are built for the data from G.I centered
in each value of data from G.III (10 quasars, only 4 quasars can
be tested); ∆cos θ = 0.1; λ = 0.025:
• In the interval (4.70× 10−4, 0.380), the 4 quasars from G.III (10

d.p.) are consistent with 29 data points from G.I.

• The β values >0.1 in all cases.
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Results

• “Phenomenological models”:

3σ 6σ

Dip hyp Null hyp M V hyp Dip hyp Null hyp M V hyp

Keck 21% 21% 15% 45% 38% 30%

VLT 46% 7% 16% 71% 37% 30%

King

VLT 95% 33% 38% 95% 81% 81%

Sri
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Summary and Conclusions

• We have performed different statistical analyses in order to test
recent astronomical data indicating a possible variation in α using
(IST) and (CI):
• In z, results show that ∆α

α is more relevant at higher z.
• In angular position, results show consistency over most of the

analyzed intervals.
• In all the analyzed cases, the values of β are high showing the

need for more data in order to arrive to powerful conclusions.

• The analysis of gaussian distributions of the “PM” suggests that,
although a possible variation in α can not be ruled out, this may
be due not only to the angular position but also to z. Further data
are required on this aspect too.
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Thank you for your time!!!
• “Variation of the fine-structure constant: an update

of statistical analyses with recent data”, A&A (in
press).arXiv:1307.0020

• lkrai@fcaglp.unlp.edu.ar
• slandau@df.uba.ar
• csimeone@df.uba.ar
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