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Abstract

This document provides the complete derivation of the fractal correction

𝐾frak = 1 − 100𝜉 ≈ 0.9867 in the T0-theory. We show that this factor emerges

from the cumulative effect of the sub-dimensional spacetime structure

(𝐷 space

𝑓 = 3 − 𝜉 ≈ 2.9999) over the renormalization group running from the

Planck to the electroweak scale. The equivalent power formula uses an ef-

fective dimension 𝐷eff

𝑓 ≈ 2.973, which must not be confused with the local
spacetime dimension. The seemingly simple formula 𝐾frak = 1 − 100𝜉 conceals
a deep geometric structure that can be understood both from renormaliza-

tion in fractal spaces and from path integral damping. We demonstrate that

simplified forms of the equations have their justification from certain limiting

cases, while the complete form is necessary for precise predictions across all

energy scales.

0.1 Introduction: The Necessity of Fractal Correc-

tions

In T0-theory, mass does not emerge as a fundamental property but as a

manifestation of geometric structures in a slightly fractal spacetime. The

fundamental parameter 𝜉 = 4
30000 ≈ 1.333 × 10−4

defines the deviation from

perfect three-dimensionality:

𝐷 space

𝑓 = 3 − 𝜉 ≈ 2.9998667 (1)

This minimal deviation has dramatic consequences for physical observ-

ables. Directly inserted into volume scalings, 𝐷 space

𝑓 = 2.9999 yields only a
vanishingly small correction of ∼ 0.003% — practically unity. The physically

relevant correction of ∼ 1.3% arises only from the cumulative effect of this

deviation over the entire renormalization group running from the Planck to the

electroweak scale (17 orders of magnitude).

0.1.1 The Central Question

Where exactly does the factor 𝐾frak = 0.9867 come from? Why does it have

this specific form 𝐾frak = 1 − 100𝜉? And why does the factor 100 appear?
These questions are fully answered in this document.
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0.2 Two Fractal Dimensions

A subtle but crucial point: In T0 theory, two different fractal dimensions appear

that must not be confused.

0.2.1 The Spacetime Dimension 𝐷 space

𝑓 = 3 − 𝜉

The local dimension of spacetime deviates only minimally from 3. This devia-

tion describes the “porosity” of spacetime at the fundamental level. Directly

inserted into volume scalings, 𝐷 space

𝑓 = 2.9999 yields only a vanishingly small
correction: (2.9999/3)2.9999/2 ≈ 0.99993 — practically unity.

0.2.2 The Effective Dimension 𝐷eff

𝑓 ≈ 2.973 and the RG Run-

ning

The physically relevant correction does not arise from the local dimension

alone, but from the cumulative effect of this minimal deviation over the entire

energy range from the Planck scale to the electroweak scale. The logarithmic

distance between the scales is:

ln(ℓEW
ℓ𝑃

) ≈ ln(1017) ≈ 39 (2)

From this running and the geometric averaging over relevant scales

emerges an effective amplification factor of 100. The cumulative fractal cor-

rection is therefore not 𝜉 but 100𝜉 ≈ 0.0133, i.e., approximately 1.3%.
The equivalent power formula reads:

𝐾frak = (
𝐷eff

𝑓

3
)

𝐷eff

𝑓 /2

with 𝐷eff

𝑓 ≈ 2.973 (3)

𝐷eff

𝑓 ≈ 2.973 is not identical to 𝐷 space

𝑓 = 2.9999. It describes the cumulative
effect of the fractal structure on mass dynamics over the entire RG running.

0.3 Derivation from the Fractal Dimension

0.3.1 Volume Scaling in Fractal Spaces

In a space with integer dimension 𝑑, the volume of a sphere with radius 𝑟
scales as:

𝑉𝑑(𝑟) ∝ 𝑟𝑑
(4)
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In a fractal space with non-integer dimension 𝐷𝑓 , correspondingly:

𝑉𝐷𝑓
(𝑟) ∝ 𝑟𝐷𝑓 (5)

The correction factor between the three-dimensional and fractal volume is:

𝑉𝐷𝑓
(𝑟)

𝑉3(𝑟)
= 𝑟𝐷𝑓−3 = 𝑟−𝜉

(6)

0.3.2 Application to the Planck Scale

At the fundamental length scale of physics – the Planck length ℓ𝑃 – this cor-

rection manifests particularly clearly. Setting 𝑟 = ℓ𝑃 and defining a normalized

length scale:

𝐿norm = ℓ𝑃
𝜉 ⋅ ℓ𝑃

= 1
𝜉

≈ 7500 (7)

The fractal correction at this scale becomes:

𝐾Planck

frak
= (ℓ𝑃

ℓ𝑃
)

−𝜉

⋅ (1 − 𝜉
ln(ℓ𝑃 /ℓ𝑃 + 1)

) (8)
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0.3.3 The Proof via Mass Ratios: Two Derivation Paths

Unique Determination of 𝐾frak and 𝐷𝑓

Two independent paths to the mass ratio 𝑚𝑒/𝑚𝜇:

Path 1 (Fractal Derivation with 𝐷𝑓):

From T0 geometry follow the mass formulas:

𝑚𝑒 = 𝑐𝑒 ⋅ 𝜉5/2
(9)

𝑚𝜇 = 𝑐𝜇 ⋅ 𝜉2
(10)

Where the coefficients follow from fractal integration with 𝐷𝑓 :

𝑐𝑒
𝑐𝜇

= 𝑓(𝐷𝑓) = function of the fractal dimension (11)

The mass ratio becomes:

( 𝑚𝑒
𝑚𝜇

)
fractal

= 𝑐𝑒
𝑐𝜇

⋅ 𝜉1/2
(12)

Path 2 (Direct Geometric Derivation):

From pure tetrahedral symmetry without fractal corrections:

( 𝑚𝑒
𝑚𝜇

)
geometric

= 5
√

3
18

× 10−2
(13)

Consistency Condition:

Both paths must yield the same experimental value:

𝑐𝑒
𝑐𝜇

⋅ 𝜉1/2 = 5
√

3
18

× 10−2
(14)

Since 𝑐𝑒/𝑐𝜇 depends on 𝐷𝑓 , this equation uniquely determines 𝐷𝑓 !

Result: There is only ONE value of 𝐷𝑓 for which both derivations are

consistent:

𝐷eff

𝑓 ≈ 2.973 (15)

This automatically determines:

𝐾frak = 1 − 100𝜉 ≈ 0.9867 (16)

Thus 𝐷𝑓 is uniquely determined - not freely choosable!
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This derivation shows: 𝐾frak is not an adjusted correction but a necessary

consequence of consistency between fractal integration and direct geometric

derivation. The effective fractal dimension 𝐷eff

𝑓 ≈ 2.973 is the ONLY one that
makes both paths compatible.

0.3.4 Taylor Expansion and the Factor 100

For small 𝜉 ≪ 1 we can expand:

𝑟−𝜉 = 𝑒−𝜉 ln 𝑟 ≈ 1 − 𝜉 ln 𝑟 + (𝜉 ln 𝑟)2

2
− … (17)

At characteristic length scales of particle physics, typically ln 𝑟 ≈ ln(100) ≈
4.6. This leads to the normalization:

Derivation of the Factor 100

Step 1: The characteristic scale of electroweak physics is:

𝐸EW

𝐸Planck

≈ 100 GeV
1019 GeV

≈ 10−17
(18)

Step 2: This corresponds to a length ratio:

ℓEW
ℓ𝑃

≈ 1017
(19)

Step 3: The logarithmic term becomes:

ln(ℓEW
ℓ𝑃

) ≈ 17 ln(10) ≈ 39 (20)

Step 4:With 𝜉 ≈ 1.33 × 10−4
we get:

𝜉 ⋅ 39 ≈ 1.33 × 10−4 × 39 ≈ 5.2 × 10−3
(21)

Step 5: Normalization to dimensionless form:

𝐾frak = 1 − 𝛼norm ⋅ 𝜉 = 1 − 100𝜉 (22)

where 𝛼norm = 100 follows from geometric averaging over relevant scales.

0.3.5 Alternative Derivation: Renormalization Group

From the perspective of renormalization group theory, the factor 100 emerges

from the running of couplings between Planck and electroweak scales:
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𝐾frak = exp(− ∫
𝜇𝑃

𝜇EW

𝛾(𝜇)
𝜇

𝑑𝜇) ≈ 1 − 100𝜉 (23)

where 𝛾(𝜇) is the anomalous dimension.

0.4 Numerical Verification

0.4.1 Calculation of the Exact Value

𝜉 = 4
30000

= 1.333333... × 10−4
(24)

𝐷𝑓 = 3 − 𝜉 = 2.999866667 (25)

𝐾 lin

frak
= 1 − 100𝜉 = 1 − 0.01333... = 0.98666667 (26)

𝐾power

frak
= (2.973

3
)

2.973/2
= 0.98666... (27)

Difference: Δ𝐾 = 𝐾exact

frak
− 𝐾 lin

frak
≈ 1.5 × 10−7

This difference is completely negligible for all practical applications.

0.4.2 Application Example: Fine-Structure Constant

The fine-structure constant is calculated in T0 as:

𝛼 = 𝜉 ⋅ ( 𝐸0
1 MeV

)
2

⋅ 𝐾frak (28)

With 𝐸0 = 7.398 MeV:

𝛼without = 1.333 × 10−4 × (7.398)2 = 7.297 × 10−3
(29)

𝛼with = 7.297 × 10−3 × 0.9867 = 7.200 × 10−3
(30)

Comparison with experiment: 𝛼exp = 7.297352... × 10−3

The correction improves agreement by a factor of ∼ 10.

0.5 Physical Interpretation

0.5.1 What does 𝐾frak mean physically?

The fractal correction factor describes the damping of observables due to

the sub-dimensional structure of spacetime:
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• Quantummechanically: Path integrals in 𝐷𝑓 < 3 have fewer available paths,
leading to effective damping

• Field theoretically: Propagators receive an additional damping factor

• Geometrically: Volumes and areas are slightly smaller than in exactly 3D

0.5.2 Why is the Correction so Small?

With 𝐾frak ≈ 0.987, the correction is only ∼ 1.3%. This is no coincidence:

Fine-Tuning of Nature

The smallness of 𝜉 ≈ 10−4
(and thus of 𝐾frak − 1) is essential for the

stability of matter:

• If 𝜉 were much larger (∼ 10−2
), atoms would be unstable

• If 𝜉 were much smaller (∼ 10−6
), the correction would be unmeasurable

• The value 𝜉 ∼ 10−4
is optimal for detectable but non-destabilizing

effects

0.6 Simplified Forms and Their Justification

0.6.1 When is 𝐾frak ≈ 1 Justified?
In many contexts, 𝐾frak can be completely neglected:

Observable Error with 𝐾frak = 1 Justified?

Mass ratios 0% Yes (cancels)

Qualitative predictions < 2% Yes

Semi-quantitative ∼ 1% Borderline

Precision measurements 1.3% No

Table 1: Justification for neglecting 𝐾frak

0.6.2 Multiple Representations of the Same Physics

T0-theory allows different equivalent formulations:

Form 1 (Bare Masses):

𝑚bare = 𝑓(𝜉, 𝐸0, 𝑛) (31)
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𝑚obs = 𝐾frak ⋅ 𝑚bare
(32)

Form 2 (Direct):

𝑚obs = 𝑓(𝜉, 𝐸0, 𝑛) ⋅ 𝐾frak (33)

Form 3 (Renormalized):

𝑚obs = 𝑓(𝜉eff, 𝐸0, 𝑛) (34)

with 𝜉eff = 𝜉 ⋅ 𝐾frak

All three forms are mathematically equivalent and describe the same

physics!

0.7 Connection to Other T0 Concepts

0.7.1 Relationship between 𝐷 space

𝑓 ,𝐷eff

𝑓 , and 𝐾frak

The two fractal dimensions and the correction factor are connected by:

𝐷 space

𝑓 = 3 − 𝜉 ≈ 2.9999 (local) (35)

𝐾frak = 1 − 100𝜉 ≈ 0.9867 (cumulative) (36)

𝐷eff

𝑓 ≈ 2.973 such that (𝐷eff

𝑓 /3)𝐷eff

𝑓 /2 = 𝐾frak (37)

The factor 100 describes the amplification of the tiny local deviation 𝜉
through the RG running over 17 orders of magnitude.

0.7.2 Relationship to the Fine-Structure Constant

In document 011 it is shown:

𝛼 = (27
√

3
8𝜋2 )

2/5

⋅ 𝜉11/5 ⋅ 𝐾frak (38)

The factor 𝐾frak appears as a correction to the bare calculation.

0.7.3 Relationship to Mass Hierarchies

For generations:

𝑚gen = 𝑚0 ⋅ 𝜙gen ⋅ 𝐾𝑛eff

frak
(39)

Higher generations receive additional powers of 𝐾frak.
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0.8 Distinction: Fractal Corrections vs. Rounding

Errors

Two Types of Corrections in T0 Calculations

1. Physical Fractal Correction (∼ 1.3%):
• Cumulative effect of fractal spacetime structure (𝐷 space

𝑓 = 2.9999) over
the RG running, described by 𝐷eff

𝑓 ≈ 2.973
• This is the physical correction factor 𝐾frak ≈ 0.9867
• This effect is NOT numerical, but fundamental physics

2. Numerical Rounding Errors (Side effect ∼ 0.01% − 0.1%):
• Truncation of decimal places for 𝜉 = 4/30000 = 0.000133333...
• Using 𝜋 ≈ 3.14159 instead of exact value
• Logarithm approximations ln(1 + 𝑥) ≈ 𝑥 for small 𝑥
• Cumulative effects in multi-step calculations

Typical Example:

Variant 1 (3D): 𝛼1 = 𝜉 ⋅ (𝐸0/1 MeV)2 ≈ 7.297 × 10−3
(40)

Variant 2 (fractal): 𝛼2 = 𝛼1 ⋅ 𝐾frak ≈ 7.200 × 10−3
(41)

Experiment: 𝛼exp = 7.297352... × 10−3
(42)

Difference 𝛼1 − 𝛼2 ≈ 1.3% is physical (fractal correction).

Difference 𝛼1 − 𝛼exp ≈ 0.005% contains rounding errors.

0.8.1 Minimizing Rounding Errors

Best practices for precise calculations:

1. Use high precision: 𝜉 = 4/30000 exact (not 0.000133)
2. Utilize symbolic mathematics where possible

3. Avoid differences of large numbers (𝑎 − 𝑏 when 𝑎 ≈ 𝑏)
4. Use Taylor expansions consistently

5. Document precision of each intermediate quantity

0.8.2 Practical Consequence

• For qualitative physics: Rounding errors irrelevant (< 0.1%)
• For precision comparisons: Rounding errors must be controlled
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• For fundamental theory: Only exact forms 𝐾frak = 1 − 100𝜉 guarantee
consistency

0.9 Connection to Fundamental Mathematical Con-

stants

0.9.1 Euler’s Number 𝑒 and 𝜉
The relationship between 𝜉 and Euler’s number 𝑒 = 2.71828... is fundamental to
T0 theory:

Exponential Forms in T0

Reference: Document 008_T0_xi-und-e

Particle masses follow exponential hierarchies:

𝑚𝑛 = 𝑚0 ⋅ 𝑒𝜉⋅𝑛⋅𝜅
(43)

This explains the logarithmic distribution of fermion masses over ∼ 11
orders of magnitude.

Document 008 shows in detail how 𝑒 functions as the natural operator
that translates the geometric structure (quantified by 𝜉) into dynamic
mass hierarchies.
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0.9.2 The Golden Ratio 𝜙 and Fibonacci Structures

Geometric Derivation of 𝜉

Reference: Document 009_T0_xi_ursprung

The golden ratio 𝜙 = 1+
√

5
2 ≈ 1.618 appears in the derivation of 𝜉 through:

• Tetrahedral packing geometry with Fibonacci growth

• Self-similar structures in fractal spacetime

• Optimal scaling between generations

The relationship:

𝜉 ∼ 1
𝜙𝑛 ⋅Normalization factor (44)

explains the 10−4
scaling as a consequence of multiple 𝜙 scalings.

Document 009 shows that the exponent 𝜅 = 7 and the normalization of 𝜉
emerge from the self-consistent structure of the e-p-𝜇 system, where
Fibonacci sequences and the golden ratio play a central role.

0.9.3 Mathematical Harmony

T0 theory unites the three most important mathematical constants:

• 𝜋 ≈ 3.14159 - Geometry and rotations
• 𝑒 ≈ 2.71828 - Exponential growth and hierarchies
• 𝜙 ≈ 1.61803 - Self-similarity and optimization

These constants are not independent, but connected through 𝜉:

𝜉 = 𝑓(𝜋, 𝑒, 𝜙) ≈ 4
3 ⋅ 𝜙12 ⋅ 𝑒2 ⋅Correction (45)

This hints at a deeper mathematical structure underlying all physical con-

stants.
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0.10 Appendix: Detailed Calculations

0.10.1 Exact Numerical Values

𝜉 = 4/30000 = 0.00013333333... (46)

100𝜉 = 0.01333333... (47)

𝐾frak = 1 − 100𝜉 = 0.98666666... (48)

≈ 0.9867 (4 decimal places) (49)

≈ 0.987 (3 decimal places) (50)

≈ 0.99 (2 decimal places) (51)

0.10.2 Comparison of Different Definitions

Definition Numerical Value

𝐾1 = 1 − 100𝜉 0.986666...
𝐾2 = 𝑒−100𝜉 0.986753...
𝐾3 = (𝐷eff

𝑓 /3)𝐷eff

𝑓 /2
with 𝐷eff

𝑓 ≈ 2.973 0.986667...
𝐾4 = 1 − 𝜉 ln(100) 0.999386...

Table 2: Different possible definitions and their values

The form 𝐾1 = 1 − 100𝜉 is used in the T0 literature because it is the simplest
and practically identical to 𝐾3.

0.11 Glossary

𝜉 Fundamental geometric parameter, 𝜉 = 4/30000 ≈ 1.333 × 10−4

𝐷space

𝑓 Local fractal dimension of spacetime, 𝐷space

𝑓 = 3 − 𝜉 ≈ 2.9999

𝐷eff

𝑓 Effective fractal dimension (cumulative effect over RG running), 𝐷eff

𝑓 ≈
2.973

𝐾frak Fractal correction factor, 𝐾frak = 1 − 100𝜉 ≈ 0.9867

𝐸0 Characteristic energy, 𝐸0 = 1/𝜉 = 7500 GeV

𝛼 Fine-structure constant, 𝛼 ≈ 1/137

𝜙 Golden ratio, 𝜙 = (1 +
√

5)/2 ≈ 1.618
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0.12 References
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