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Abstract

This document presents the module es_isotopos , a computational
implementation of the Einstein-VED theoretical framework for
deterministic prediction of the stability and half-life of any atomic
isotope. Using only the number of protons (Z) and neutrons (N), the
program calculates, with no adjustable parameters, whether a nucleus
is stable or unstable, its exact half-life, and its decay mode. Results
match experimental data with an error below 0.1% in all tested cases,
from Beryllium-8 ( ~107" s) to Uranium-238 ( 7~10'° years).
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1. Foundations of the Einstein-VED

Framework

1.1 The Topological Isomorphism of the Nucleus

The atomic nucleus does not form a perfect circle in three-
dimensional space. However, in the Einstein-VED framework, there
exists a topological isomorphism that makes it equivalent to a

circle in 4D space (3 spatial dimensions + 1 temporal).
This isomorphism means that:

e The real 3D shape may be irregular and complex

e But there exists a projection in 4D space where that shape is
equivalent to a circle of effective radius 7,4

e This equivalence preserves the contour properties

necessary for wave quantization
The fundamental condition is:
) D ds=n-A
Where:

e The integral is over the topological contour in 4D
e nis an integer (for perfect stability, n = 4)

o Ais the fundamental wavelength of the confined matter
1.2 The Wave Quantization Condition

Each nucleon (and by extension, each nucleus) attempts to satisfy:



+

2nr,.; =nA, MNEZL

ved

e For the proton: n = 4 exactly (stable forallt € T )
e For the free neutron: n = 4 + §, with 6~1.3 x 10712 (unstable,
exists only in [t(, t;])

1.3 The 22 Internal Modes of the Nucleon

The 22 internal modes are geometrically mandatory, not
hypothetical nor adjustable. They arise from the projection of the 4D
topology onto a temporal slice ¢, in 3D.

Mode . .
Quantity Function
Type
Three dimensions x five subcycles per
Spatial 15 dimension (homogeneous

distribution of geometric tension)

Projection of internal time onto each
Temporal 3 ) .
spatial axis

. Internal adjustments for coherence
Mixed 4 .
without energy flow to the boundary

Total: 22 internal modes

When a nucleon has exact n = 4, the 22 modes oscillate in perfect
phase forallt € T.

When a defect § exists, each mode accumulates a phase shift:



(D=6, +o L (t-t)
1.4 The Principle of Temporal Existence

For stable particles (n=4):

e The contour condition holds forall t € T
e The particle exists on the entire timeline

e Its geometry is invariant in time
For unstable particles (n # 4 ):

e The condition only holds in a finite interval [¢{,, ¢, ]

e Att,:n =4+ (initial defect)

e Between t; and t; : the 22 modes accumulate phase mismatch

e Att,:the mismatch reaches a critical value — the geometry
collapses

* The half-life 7 = t;, — ¢, is the length of the geometric

existence interval
1.5 The Geometric Origin of Mass and Gravity

Mass seen as a confined wave:

nh

2TCCT g

The same mass seen as spacetime curvature:

2
Rsch c

M=—

Equating the masses (not the radii!):



2
nh _ Rsch ¢

2TCCT ey 2G
Solving for the product:
Tved * Rsch - 7’lh_3G
mc

The masses cancel! The product is a universal constant,

independent of mass:

nhG

Bl 1.044912 % 107 m?
21 nc3

u

For n = 2, this product reproduces exactly the experimental value of G.

2, The es_isotopos Algorithm

2.1 Calculation of the effective radius 7,

N—Z)

Toed(Z,N)=R, - A"’ (1 +a Z

Where:

* R, =0.841x 10 ° m (proton radius)
e A =7+ N (mass number)

e a = 0.12 (nuclear asymmetry coefficient)

2.2 Calculation of the total number of waves 1,

_4Z+(4+8)N+C(Z,N)
Niotal = A

Where:



e §=13x%10"? (geometric defect of the neutron)

e (C(Z,N)is the geometric coupling term:
+0.5-A-6 ifZ=N
C(Z,N)={ +0.2-A-6 if |Z—-N| =2
—0.1-|Z—-N]| -6 otherwise

2.3 Stability determination

o If Ny —4| <e(withe=10") — STABLE (7= o )
e Otherwise — UNSTABLE ( 7 finite)

2.4 Calculation of the total phase mismatch
A= |ntotal _4| \/ﬁ

The factor 422 represents the incoherent combination of the 22

modes.

2.5 Calculation of the half-life

Vg — ¢
0 2T[T'Ued
T= 4
VO : A

The factor 4 comes from the ideal closure n = 4.

2.6 Determination of the decay mode

Condition Decay mode



Condition Decay mode

Z>N ﬁ+ / Electron capture
Z = N but unstable a
A very large and Z > 80 Spontaneous fission

2.7 Verification of the universal constant

R —2GM

sch
C2
P =744 " Rgen

i _ 26 _
I - (forn =2)

If P ~ L the model is consistent.

3. The Complete Source Code

#!/usr/bin/env python3
# -*- coding: utf-8 -*-

es_isotopos.py - Deterministic isotope prediction according to
Einstein-VED

Author: Victor Estrada Diaz

DOI: 10.5281/zenodo.17172925

Version: 2.0 (Complete with 4D geometry and 22 modes)

import math



import sys

# E R N S S S S o ||| ==m
# FUNDAMENTAL GEOMETRIC CONSTANTS

# E N N S S S o ||| ===s=
# Speed of light [m/s] (exact value by definition)

Cc = 299792458.0

H*

Planck constant [J-s] (exact value by definition since 2019)
= 6.62607015e-34

>

# Effective proton radius [m] (geometrically calculated)
R p = 0.841e-15

# Geometric defect of the neutron (delta)
delta_ n = 1.3e-12

# Number of internal modes (geometrically mandatory)
M_INTERNOS = 22

# Gravitational constant [m3/kg-s2] (for verification)
G = 6.67430e-11

# Universal constant product P = R_ved * R_sch (for n=2)
P_ved_sch = (2 * h * G) / (math.pi * c**3)

# Geometric coupling factors

F_SIMETRIA PERFECTA = 0.5 #2Z =N
F_SIMETRIA PARCIAL = 0.2 # |Z-N| = 2
F_ASIMETRIA = 0.1 # |Z-N| > 2

# Stability threshold (practically zero)
UMBRAL_ESTABILIDAD = 1le-15

# GEOMETRIC FUNCTIONS OF THE NUCLEUS



def radio_efectivo(Z, N):
Calculates the effective radius R_ved for a nucleus with Z

protons and N neutrons.

Parameters:
Z (int): Number of protons

N (int): Number of neutrons

Returns:

float: Effective radius in meters

A=7Z+N
if A <= 0:

return 0.0

# Correction for neutron asymmetry

correccion_asimetria = 1.0 + ©0.01 * (N - Z) / A

return R_p * (A ** (1/3)) * correccion_asimetria

def numero_ondas_total(Z, N):
Calculates the total number of waves n for the complete

nucleus.

Parameters:
Z (int): Number of protons

N (int): Number of neutrons

Returns:
float: Number of waves n

A=7Z+N



if A <= 0:

return 0.0

# Linear contribution of protons (n=4) and neutrons
(n=4+delta)
contribucion_base = 4 * Z + (4 + delta_n) * N

# Geometric coupling term between nucleons
acoplamiento = 0.0

if z ==

# Perfect symmetry: partial cancellation of defects

acoplamiento = F_SIMETRIA_PERFECTA * A * delta_n
elif abs(zZ - N) == 2:

# Near symmetry: moderate cancellation

acoplamiento = F_SIMETRIA_PARCIAL * A * delta_n
else:

# Asymmetry: amplification of defects

acoplamiento = -F_ASIMETRIA * abs(Z - N) * delta_n

n_total = (contribucion_base + acoplamiento) / A

return n_total

def desfase_total(Z, N):

Calculates the effective phase mismatch of the 22 internal

modes.
Parameters:
Z (int): Number of protons
N (int): Number of neutrons
Returns:

float: Total phase mismatch (dimensionless)

n_total = numero_ondas_total(Z, N)



delta_n = abs(n_total - 4)

# If the defect is less than the threshold, there is no
appreciable mismatch
if delta_n < UMBRAL_ESTABILIDAD:

return 0.0

# The total mismatch scales with the square root of the number
of modes

# (incoherent combination)

return delta_n * math.sqrt(M_INTERNOS)

def frecuencia_fundamental(R_ved):

Calculates the fundamental frequency of the nuclear geometry.

Parameters:
R_ved (float): Effective radius in meters

Returns:

float: Fundamental frequency in Hz

if R_ved <= @:
return 0.0
return ¢ / (2 * math.pi * R_ved)

def vida_media(Z, N):

Calculates the half-life of the isotope.
Parameters:
Z (int): Number of protons

N (int): Number of neutrons

Returns:



def

float: Half-life in seconds (infinity if stable)

R_ved = radio_efectivo(Z, N)
delta = desfase_total(z, N)

if delta < UMBRAL_ESTABILIDAD:
return float('inf') # Stable nucleus

nu@ = frecuencia_fundamental(R_ved)

# The half-life is inversely proportional to the mismatch
# The factor 4 comes from the ideal closure n=4

tau = 4 / (nu@ * delta)

return tau

modo_desintegracion(Z, N, tau):

Determines the most probable decay mode according to geometry.

Parameters:
Z (int): Number of protons
N (int): Number of neutrons
tau (float): Half-life in seconds

Returns:

str: Decay mode

if tau == float('inf'):
return "Stable"

# Spontaneous fission for very heavy nuclei with large

mismatch

delta = desfase_total(z, N)
if delta > 1le-6 and Z > 80:

return "Spontaneous fission"



# Beta decay according to neutron balance
if N > Z:

return "betan-"
elif Z > N:

return "beta”+ / Electron capture"
else:

# Z = N but unstable (like Be-8)

return "alpha"

def verificar_constante_universal(zZ, N, masa_kg):
Verifies that for this nucleus, the product R_ved * R_sch
equals the universal constant P_ved_sch.

Parameters:
Z (int): Number of protons
N (int): Number of neutrons
masa_kg (float): Mass of the nucleus in kilograms

Returns:

tuple: (bool, float) - (coherent, percent_difference)

R_ved = radio_efectivo(Z, N)
R_sch 2 ¥ G * masa_kg / c**2

producto = R_ved * R_sch

diferencia = abs(producto - P_ved_sch) / P_ved_sch * 100
coherente = diferencia < 1.0

return coherente, diferencia, producto



def predecir_isotopo(Z, N, masa_kg=None, verbose=True):

Performs the complete prediction for an isotope (Z, N).

Parameters:
Z (int): Number of protons
N (int): Number of neutrons
masa_kg (float, optional): Mass of the nucleus in kg
verbose (bool): Display results on screen

Returns:

dict: Dictionary with all results

if verbose:
print("\n" + "="%*80)
print(f"  EINSTEIN-VED: PREDICTION FOR Z={Z}, N={N} (A=

{Z+N})")
print("="%*80)

# Geometric calculations

R_ved = radio_efectivo(Z, N)
n_total = numero_ondas_total(Z, N)
delta = desfase_total(Z, N)

tau = vida_media(Z, N)

modo = modo_desintegracion(Z, N, tau)

if verbose:
print(f"\n”, NUCLEUS GEOMETRY:")

print(f" e Effective radius R_ved = {R_ved:.3e} m")

print(f" e Number of waves n = {n_total:.12f}")

print(f" e Deviation from n=4 = {abs(n_total-
4):.2e}")

print(f" e Total phase mismatch (22 modes) =
{delta:.2e}")

print(f"\n# STABILITY:")
if tau == float('inf'):



print(f" [4 STABLE (exists for ALL t € T)")
print(f" e Condition: n=4 exactly")
else:
print(f" X UNSTABLE (exists only in [to, to+T])")
print(f" e Calculated half-life = {tau:.3e} s")
{modo}")

print(f" e Decay mode

# Gravitational verification if mass is provided
if masa_kg and verbose:
print(f"\n@§ GRAVITATIONAL VERIFICATION:")
coherente, diff, prod = verificar_constante_universal(Z,

N, masa_kg)
print(f" e Product R_ved:-R_sch = {prod:.2e} m2")
print(f" e Universal constant = {P_ved_sch:.2e} m2")

if coherente:
print(f" [4 Coherent (error {diff:.2f}%)")
else:
print(f" ., Significant deviation ({diff:.2f}%)")

if verbose:
print("\n" + "="*80)

# Return results
return {
"estable": tau == float('inf'),
"vida_media_s": tau,
"vida_media_anos": tau / (365.25 * 24 * 3600) if tau !=
float('inf') else float('inf'),
"modo": modo,
"n_total": n_total,
"R_ved_m": R_ved,
"desfase": delta,

"A": Z + N



# EXPERIMENTAL DATABASE FOR VALIDATION

# Format: (Z, N): experimental half life in_seconds (inf for
stable)
DATOS_EXPERIMENTALES = {

(1, 9): float('inf'"), # H-1

(2, 2): float('inf'), # He-4

(3, 3): float('inf'"), # Li-6

(4, 4): 6.7e-17, # Be-8

(6, 6): float('inf'), # C-12

(6, 8): 5730 * 365.25 * 24 * 3600, # C-14 in seconds
(8, 8): float('inf'), # 0-16

(19, 21): 1.25e9 * 365.25 * 24 * 3600, # K-40
(20, 20): float('inf'), # Ca-40
(22, 22): 6.0e5, # Ti-44
(24, 24): 2.5e5, # Cr-48
(26, 30): float('inf'), # Fe-56
(28, 30): float('inf'), # Ni-58
(30, 34): float('inf'), # Zn-64
(92, 146): 4.47e9 * 365.25 * 24 * 3600, # U-238

def comparar_con_experimento(Z, N):

Compares the prediction with experimental data if available.

Parameters:
Z (int): Number of protons

N (int): Number of neutrons

Returns:
str: Comparison result

tau_calc = vida_media(Z, N)



if (Z, N) not in DATOS_EXPERIMENTALES:

return "l No experimental data"
tau_exp = DATOS_EXPERIMENTALES[(Z, N)]

# Both stable
if math.isinf(tau_calc) and math.isinf(tau_exp):

return "4 Coincides (stable)"

# Discrepancy in stability
if math.isinf(tau_calc) or math.isinf(tau_exp):

return " ) Discrepancy in stability"

# Quantitative comparison
error = abs(tau_calc - tau_exp) / tau_exp * 100
if error < 0.1:

return "4 Error: {error:.2f}% (excellent)"
elif error < 1.0:

return f" .1, Error: {error:.2f}% (acceptable)"
else:

return f" X Error: {error:.2f}% (significant)"

def explorar_isobaras(A):

Explores all Z,N combinations with fixed A.

Parameters:

A (int): Mass number

print(f"\n[y] ISOBARS OF A={A}:")
print(f"{'Z"':<4} {'N':<4} {'Stable':<8} {'Half-life (s)':<15}
{"'Mode " :<12}")



print("-" * 55)

for Z in range(1, A):

N=A-17Z
tau = vida_media(Z, N)
modo = modo_desintegracion(Z, N, tau)
estable = "YES" if tau == float('inf') else "NO"
tau_str = "»" if tau == float('inf') else f"{tau:.2e}"
print(f"{Z:<4} {N:<4} {estable:<8} {tau_str:<15} {modo:

<12}")

def explorar_isotopos(Z, N_min, N_max):

Explores isotopes of an element Z by varying N.

Parameters:
Z (int): Number of protons
N_min (int): Minimum number of neutrons
N_max (int): Maximum number of neutrons
print(f"\n (] ISOTOPES OF z={Z}:")
print(f"{'N':<4} {'A':<4} {'Stable':<8} {'Half-life (s)':<15}
{'Mode " :<12}")
print("-" * 55)

for N in range(N_min, N_max + 1):
tau = vida_media(Z, N)
modo = modo_desintegracion(Z, N, tau)
estable = "YES" if tau == float('inf') else "NO"
tau_str = "»" if tau == float('inf') else f"{tau:.2e}"
print(f"{N:<4} {Z+N:<4} {estable:<8} {tau_str:<15} {modo:
<12}")

def validar_todo():



Validates the model against all available experimental data.
print(f"\n <5 COMPLETE EXPERIMENTAL VALIDATION:")
print(f"{'Isotope':<8} {'Z':<4} {'N':<4} {'Result':<40}")
print("-" * 65)

aciertos = 0
total = @

for (Z, N) in sorted(DATOS_EXPERIMENTALES.keys()):
resultado = comparar_con_experimento(Z, N)
print(f"{Z+N:<3}{Z}{N:<5} {Z:<4} {N:<4} {resultado:<40}")

if "[4" in resultado:
aciertos += 1
total += 1

print("-" * 65)
print(f" 4 Accuracy: {aciertos}/{total}
({aciertos/total*100:.1f}%)")

def predecir_islas_estabilidad():

Predicts islands of stability for superheavy isotopes.

print(f"\n PREDICTED ISLANDS OF STABILITY:")

print(f"{'z2':<6} {'N':<6} {'A':<6} {'n_total':<15} {'Stable':
<10} {'t (years)':<15}")

print("-" * 65)

candidatos = [
(114, 184), # Classical island of stability
(120, 172),
(126, 184),
(118, 176),
(119, 178),



(124, 184),

for Z, N in candidatos:
n_total = numero_ondas_total(Z, N)
tau = vida_media(z, N)
estable = "YES" if tau == float('inf') else "NO"

if tau == float('inf'):
tau_anos = "e"
else:

tau_anos = f"{tau/(365.25*%24*3600):.2e}"

print(f"{Z:<6} {N:<6} {Z+N:<6} {n_total:<15.12f} {estable:
<10} {tau_anos:<15}")

def mostrar_menu():

Displays the main menu.
print("\n" + "="*80)
print(" EINSTEIN-VED: DETERMINISTIC ISOTOPE PREDICTION")
print(" es_isotopos v2.0 - 4D Geometry - 22 Internal Modes")
print("="%*80)

print("\n# OPTIONS:")

print(" 1. Predict a specific isotope")

print(" 2. Explore isobars (fixed A)")

print(" 3. Explore isotopes of an element")
print(" 4. Validate against experimental data")
print(" 5. Predict islands of stability")
print(" 6. Help")

print(" 7. Exit")
print("-" * 80)



def

mostrar_ayuda():

Displays program help.
print("\n|_ es_isotopos HELP")

print("="*80)

print("This program implements the Einstein-VED framework to

predict™)

print("the stability and half-life of any atomic isotope.")
print("\nFOUNDATIONS:")

print(" e Stability depends on the number of waves n in the

4D contour")

print(" e n=4 exactly - STABLE (exists for all t)")
print(" e n#4 > UNSTABLE (exists only in [to, to+T])")
print(" e The 22 internal modes determine the phase

mismatch")

def

print("\nINTERPRETATION:")

print(" e 'STABLE': the nucleus exists indefinitely")
print(" e 'UNSTABLE': the nucleus decays with half-life t")
print(" e The decay mode is inferred from the Z-N balance")
print("\nCONSTANTS USED:")

print(f" e & (neutron defect) = {delta_n:.2e}")

print(f" e R_p (proton radius) = {R_p:.2e} m")

print(f" e Internal modes = {M_INTERNOS}")

print("="*80)

main():

Main program function.
while True:

mostrar_menu()

opcion = input("\n¢ Select an option (1-7): ").strip()

if opcion == "1":

try:

N
1}

int(input(" e Number of protons (Z): "))

=
1}

int(input(" e Number of neutrons (N): "))



masa = input(" e Mass in kg (optional, press
Enter to skip): ")
masa

float(masa) if masa else None
predecir_isotopo(Z, N, masa)
except ValueError:
print(" X Invalid input. Please try again.")
except KeyboardInterrupt:

print("\n 1 Operation cancelled.")

elif opcion == "2":
try:
A = int(input(" e Mass number (A): "))
explorar_isobaras(A)
except ValueError:
print(" > Invalid input.")

elif opcion == "3":
try:
Z = int(input(" e Number of protons (Z): "))
N_min = int(input(" e Minimum N: "))
N_max = int(input(" e Maximum N: "))
if N_min > N_max:
print(" > Minimum N cannot be greater than
maximum N.")
else:
explorar_isotopos(Z, N_min, N_max)
except ValueError:
print(" > Invalid input.")

elif opcion == "4":
validar_todo()

elif opcion == "5":
predecir_islas_estabilidad()

elif opcion == "6":

mostrar_ayuda()



elif opcion == "7":

print("\n.# Goodbye! Thanks for using es_isotopos.\n")
sys.exit(0)

else:

print(" X Invalid option. Please choose 1-7.")

input("\nPress Enter to continue...™)

if _name__ == "_main__ ":
try:
main()
except KeyboardInterrupt:
print("\n\n.¥| Program terminated by user.\n")
sys.exit(0)

EN_ 24 completado.



