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Introduction

This presentation explores the comparison between
standard deviation intervals in Gaussian and
q-Gaussian distributions. We aim to find the
equivalent interval for a q-Gaussian distribution that
encompasses 68% of the probability mass, analogous
to the standard deviation in a Gaussian distribution.
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Gaussian Distribution

For a perfectly Gaussian distribution, the standard
deviation (σ) contains 68% of the probability mass
within the interval µ± σ.

P(µ− σ ≤ X ≤ µ+ σ) = 0.68
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q-Gaussian Distribution (Part 1)

The q-Gaussian distribution is a generalization of
the Gaussian distribution, used in non-extensive
statistical mechanics. As q → 1, the q-Gaussian
distribution converges to the standard Gaussian
distribution.

fqg(x) = A

[
1− (1− q)

(
x − µ

β

)2
] 1

1−q
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q-Gaussian Distribution (Part 2)

• µ: Mean (location parameter)

• β: Scale parameter (related to the width)

• q: Shape parameter (determines the tail
behavior)

• A: Normalization constant
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Normalization Constant (Part 1)
The normalization constant A ensures that the
integral of the PDF over the entire space equals 1.
It can be computed as follows:

• For q < 1:

A =

√
πΓ

(
3−q

2(1−q)

)
βΓ

(
1

1−q

)
• For q = 1:

A =
1

β
√
π
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Normalization Constant (Part 2)

• For 1 < q < 3:

A =
Γ
(

1
q−1

)
β
√

(q − 1)πΓ
(

3−q
2(q−1)

)
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Integral for q-Gaussian Interval

To find the interval σqg for the q-Gaussian
distribution that corresponds to 68% probability, we
solve the following equation:∫ σqg

−σqg
fqg(x) dx∫∞

−∞ fqg(x) dx
= 0.68

This involves numerical integration and potentially
root-finding methods to solve for σqg .
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Special Cases

When q = 1, the q-Gaussian distribution reduces to
the standard Gaussian distribution:

f (x) =
1

β
√
2π

exp

(
−(x − µ)2

2β2

)
Where β is equal to σ.
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Beam Size Analysis
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Percentage Analysis

δfg/fg% =

∫ +∞
−∞ (projDataSet− fg) dx∫ +∞

−∞ fg dx
∗ 100

δfq/fq% =

∫ +∞
−∞ (projDataSet− fq) dx∫ +∞

−∞ fq dx
∗ 100

Nabil El-Kassem 12 / 18



Percentage Analysis - FB
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Percentage Analysis - FT
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q Parameter Analysis
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Offline Fit vs Gaussian

Nabil El-Kassem 16 / 18



Conclusion

The equivalent interval σqg for a q-Gaussian
distribution that contains 68% of the probability
mass is analogous to the standard deviation σ for a
Gaussian distribution. This interval can be found by
solving the integral equation numerically.
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