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Abstract

Finite Atomic String Functions exactly composing the polynomials of any or-
der can be the foundation of new AString Quantum Gravity and AString the-
ories. They offer the common mathematical blocks to reconcile General Rela-
tivity with Quantum Field theories to contribute to the resolution of the quan-
tum gravity problem. “Atomic theory” was envisaged by A. Einstein in 1933.
The Atomic Series decomposes quantum fields into Atomic Quanta of ener-
gies for Standard Model particles, which can be treated as the distortions of
spacetime. The Atomic Spacetime theory leads to gravitons and atomized
quantization of gravity, upholding the quantization rules of Quantum Me-
chanics. A unified description of fields offers the prospects of a new AString
model of string theory. AStrings can either extend into spacetime as open
strings or compose “solitonic atoms” of matter as closed strings/loops. The
theory offers a simple local atomic network model of nature to compose fields;
for example, 9 interacting atoms produce parabolic fields.

Keywords

Atomic Function, Quantum Field Theory, Quantum Gravity, Graviton,
String Theory, Unified Theory

1. Introduction and Main Ideas
1.1. Main Ideas

This overview paper continues original works [1]-[9] started in 2017 on expansion
of the theory of Atomic String Functions (ASF) [1]-[19] evolving since the 1970s
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to the fundamental theories [20]-[43] including General Relativity (GR) [1] [8]
[33], Quantum Mechanics (QM) [9], and now Quantum Field Theories (QFT),
Quantum Gravity (QG) and String theories [21]-[31]. ASF are the finite functions
possessing the unique feature to exact/y compose the polynomials of any order
from finite “solitonic atoms” resembling quanta/excitations/strings/loops. Finite
ASF functions become the base of the Atomic Series [1]-[5], generalizing widely-
used Taylor series, to compose a wide range of analytic functions and solutions of
differential equations of mathematical physics. Like in string [28]-[31] and Loop
Quantum Gravity (LQG) [26] [27], the theory offers a new theorem-based ap-
proach to introduce desired finiteness into GR, QFT, and QM theories tradition-
ally operating with infinitely-spread functions based on space points. It offers a
new Atomic Quanta model for the fundamental particles from the Standard
Model (§6), with inclusion of quantum sizes into the definitions of energy while
upholding the QM quantization rules. In application to GR, it leads to the Atomic
Spacetime theory [1]-[8] and the new model of a graviton. Using the Atomic Se-
ries for both quantum and spacetime fields allows deriving “common blocks” to
link GR and Quantum Theories within a framework of AString theory and AS-
tring Quantum Gravity, which can help to resolve the quantum gravity problem
[26] [27] included in the list [41] of unresolved problems in physics. Hope this
theory, coming from a mathematical school, would attract the attention of physi-
cists and string theorists to the unique apparatus of atomic functions naturally

describing the finite building blocks of nature and fields as shown in this paper.

1.2. “Atomic Theory” of A. Einstein (1933)

The long-standing problem of reconciling GR with Quantum Theories [41] is re-
lated to the mathematical incompatibility of nonlinear GR with linear QM, or
simply the absence of “common mathematical blocks” between the theories [8].
The root cause of it is the use of continuous mathematical analysis based on “point
in space” dots and infinitely spread functions [8], sometimes leading to unphysical
infinities like GR singularities, QM wavefunction collapse into “a point”, QFT in-
finities renormalization. As string theorist M. Kaku mentioned [31] [43], itis hard
to find the commonality between “dots”. String and LQG theories [26]-[31] ap-
peared to replace them with finite strings and loops.

This problem was well understood by A. Einstein, who in his 1933 lecture [25]
classified it as “stumbling blocks” of theories operating “...exclusively with con-
tinuous functions of space”. Interestingly, in the same lecture he envisaged the

» e

atomic theor

»

solution— “perfectly thinkable with “finite regions of space” dis-

cussed in [1]-[3] and especially [8]. Development of this “atomic theory” based
on atomic functions started in 2018 [1]-[9] is the focus of this paper.

2. Brief History of Atomic String Functions

2.1. Discovery of the Finite Function up(x) (1967-1971)

The theory of Atomic Functions (AF) [1]-[19] has been evolving since 1967-1971
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when a distinguished mathematician, the author teacher, Academician of NAS of
Ukraine V.L. Rvachev' (Ukrainian V.L. Rvachov) had proposed a finite pulse
function up(x) for which derivatives (also pulses) would conveniently be simi-
lar to the original pulse shifted and stretched by the factor of 2:

up'(x):2up(2x+1)—2up(2x—l),|x|Sl:up(x) :0,|x| >1. (2.1)

As noted in the historical survey [14], some elements or similar functions were
probably known earlier in 1935, Fabius [44] in 1966, and have been getting rein-
vented by different scientists even in the XXI century; the similarity of pulses
seems quite an obvious idea. After describing up(x) in 1971 as a “one finite
function” [10], the full theory of such a new class of functions was mainly devel-
oped by V. A. Rvachev [10]-[13] and other collaborators [10]-[19] who extended
the theory toward many functions called atomic functions in 1975 [10]-[19] (§4).

2.2. Discovery of Exact Composition of Polynomials and Analytic
Functions from Finite Atomic Functions (1971-1979)

The main feature of AF up(x) is the unique ability of exact composition of sec-
tions of polynomials of any order (§4) from superposition of a /imited number
N of neighboring “atoms” on a lattice of size a

n k=—N

P(x)z k=N Ckup(x_ab"); X" = ’thCkup(x—kT"). (2.2)
a

For example, due to finiteness, only 9 neighboring atoms are required to calculate

the value of a parabola x° at a given point x

2

o :44(%_%},{;6 -%j. (2.3)
The most significant is that other functions like trigonometric, exponential, and
other analytic functions, which by definition [32] are the converging Taylor series
of polynomials, can be represented either exactly (like polynomials) or via a con-
verging series of shifts and stretches of AFs. Like from “mathematical atoms”,
smooth functions can be composed of the AF superpositions, and because of that,
those “atoms” have been called Atomic Functions (AF) in 1975 [10]-[19].

It means that what we perceive as continuous polynomials, lines, shapes, orbits,
and trajectories are actually the stretches/interactions of a few finite neighboring
atoms, with the hint that nature, which does not know what the functions are,
operates in the same simple way—it just “distribute” or “shares” the energy/infor-
mation in a local network of neighbors (§12).

The unique features of atomic functions attracted attention of many followers
from different countries, notably by schools of V.F. Kravchenko [13]-[15], B.
Gotovac, H. Gotovac [16] [45], and the author [1]-[9], with the number of papers
and books observed in [14] has grown to a few hundred.

'Volodymyr Lohvynovych Rvachov (1926-2005), https://en.wikipedia.org/wiki/Volodymyr Rvachov,

Academician of National Academy of Sciences of Ukraine, author of 600 papers, 18 books, mentor of
80 PhDs, 20 Doctors and Professors including the author.
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3. History of Atomic String Functions in Spacetime, Quantum
Mechanics, and Fields Research

3.1. AString Functions and Atomic Solitons (2018)

In 2017, the author noted that AF up(x) (2.1), known since the 1970, is a com-
posite object/solitonic atom consisting of two kink functions called AStrings [1]-
[9], making them more generic and interchangeable (§4.2):

up (x) = AString(Zx + 1) - AString(2x - 1) = AString’(x). (3.1)

This expanded the 50-year history of atomic functions (AF) into Atomic String
Functions (ASF) [1]-[9]. Composing AF pulse via kink-antikink pair (3.1) of non-
linear AStrings resembles topological “solitonic atoms” which led to the theory of
Atomic Solitons [4] [6] (Eremenko, 2018) where AString (3.1) becomes a “soli-
tonic kink” while up(x) isa “solitonic atom” made of two AStrings. It turns out
that translations of AStrings allow composing flat and curved spacetime from fi-
nite blocks resonating with quantization ideas (§6-10) and open and closed strings
from string theory [28]-[31] ($11)

x =+ AString (x—1)+ AString (x)+ AString (x+1)+---
)?(x)=chkAstring((x—bk)/ak). (3.2)
The ability of finite ASF functions to compose smooth polynomials, analytic func-
tions, and solutions of differential equations, including GR, QM and QFT, has led
to the novel interpretations of atomic spacetime [1]-[3] [5] and uncovering the

“common blocks” between General Relativity and Quantum Field Theories within

AString Quantum Gravity theory described in §9.

3.2. Atomic Series and Atomization Quantization Theorems in
Spacetime and Field Theories (2022-2025)

The mathematical foundation of decomposition (“atomization”) of physical fields
is based on the sequence of Atomic Quantization (Atomization) Theorems sum-
marized in [1]-[3]. It led to the Atomic Series [1]-[3] as universal as Taylor and
Fourier series but based on finite functions which can be applied to many physical
theories, including GR, QM, QFT (§8-10), Quantum Gravity and String (§11) the-

ories, with a detailed overview in [8].

4. Atomic and AString Functions

Let’s describe Atomic [10]-[19] and AString [1]-[9] Functions in more detail.

4.1. Atomic Function up(x) (1967-1971)

Atomic Function (AF) (V.L. Rvachev, V.A. Rvachev, [10]) up(x) was intro-
duced in 1967-1971 as a finite compactly supported non-analytic infinitely differ-
entiable function (Figure 1) with the first derivative conveniently expressed via
the function itself shifted and stretched by the factor of 2:

up'(x) = 2up(2x+1)—2up(2x—1),|x| < l;up(x) =0,[x|>1. (4.1)

X
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Figure 1. (a) Atomic Function pulse with its derivative and integral (AString); (b) Atomic
Function pulse (“solitonic atom™) in 3D; (c) Two Atomic Function pulses (“solitonic at-

oms” or “atomic solitons™).
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With exact Fourier series representation [1]-[13],

» . sin(27*
up(x)=zl—ﬁj‘ﬂge’“l_[k:1 t(2k )dt,

J.jlup(x)dx =1,

(4.2)
(1]-[13] [15]

the values of up(x) can be tabulated in Appendix 2 with scripts [2] [4] [19].
Higher derivatives up(") and integrals 7/ can also be expressed via up(x)

n(n
up(") (x) =2 2

+1) on
> Saup(2"x+2" +1-2k),
k=1
Oy = =050y = 0,6, =15

L (x)=2%up(2"x-1+27"),x<1;

2 (x—l)m_l
Im (x) = 2Cm IJIJ(Z_IWJrl - 1) +m,

x>1;
Il(x):up(Z_lx—Tl);Il'(x):up( )- (4.3)
Due to special double symmetry, AF provides a partition of unity [10]-[19] to
exactly represent the number 1 by summing up individual overlapping pulses set
at regular points ... -2, -1, 0, 1, 2... (Figure 2(a)):

up(x) = up(—x),x € [—1,1];up(x)+up(1—x) =l,xe [0,1] .

cotup(x=2)+up(x—1)+up(x)+up(x+1)+up(x+2)+---

=1. (44)
Partition of unity - represent 1 by sum of pulses
10 ‘ / N\
\
\
\
0.8 \— \
‘,\ |
0 6 \ \\ S & s B
== p(x=1)
‘ ~--= Up(x=0)
=== up(x=-1)
o0 \\ —— Composite Line |
\
[ \
\ \
02 — — —
\
/ \
\
| |
0.0 ‘r**’ | —
-2.0 -1.5 -1.0 -0.5 0.0 05 10 15 20
()
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Atomic Function Pulses Combination
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Figure 2. (a) Partition of unity with Atomic Functions; (b) Representation of flat surface
via summation of Afs; (c) Curved surface as a superposition of “solitonic atoms”.

Generic AF pulse of width 2a, height ¢, and center positions b,d is

up(x,a,b,c,d =0)=d+c*up((x—b)/a) ) facup(x/a)dx=ca . (45)
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Multi-dimensional atomic functions [1]-[14] (Figure 1, Figure 2) can be con-

structed as either multiplications or radial atomic functions:

up, (xn):up(xl,“-,xn)=up(xl)~~~up(xn),
up(r) :up(\/x2 +y° +zz), J-cupn (x,/a)d"x=ca". (4.6)

As a normalized function, AF possesses statistical properties [10]-[14] of being
a weighted density distribution of the random variable £ composed from inde-

pendent, equally distributed variables &, :

¢= Zzzl S 2 6 € [_151];
1 sin(t2’k) (4.7)

up(x) = EJ;G[ZXHTZITdf.

4.2. AString Function (2018)

AString(x) function (Figure 3) was introduced in 2018 [1]-[9] as both the inte-
gral (4.3) and “composing branch” of up(x), noting that due to double-sym-
metry (4.4) AF up(x) canbe composed from two simpler kink functions:
AString’(x) = AString(Zx + 1) - AString(2x - 1) = up(x).
AString (x)=up(x/2-1/2)-1/2. (4.8)

AString is related to the shifted Fabius function [44] but was obtained based on
AFs. AString is a solitary kink (Figure 3(a)) which can simply compose a straight
line y=x asatranslation of the same AString kinks (Figure 3(c)):

. 1 , 1 11

x = AString| x —— |+ AString| x+— [, x| ——,— |;
2 2 2°2

x=---+ AString (x - 2) + AString (x - 1) + AString(x)

(4.9)
+ AString (x+1)+ AString (x +2)+--
The shifted and stretched AString kink function can be generalized as
AString (x, a,b,c,d = 0) =d +c* AString ((x - b)/a) (4.10)

and their combination can reproduce curved functions and surfaces.
Importantly, the Atomic Function pulse (4.5) can be presented as a sum of two

opposite AString kinks (Figure 3(b)), making AStrings and AFs deeply related
up(x,a,b,c) = AString (x,%,b —%,cj + AString(x,%,b +%,—cj. (4.11)

AFs and AStrings, or simply Afomics or ASF functions [1]-[3] can compose
straight and curved geodesics and fields via superposition of solitonic kinks which
inspired the spacetime “atomization”/quantization research [1]-[9] leading to
Atomic Spacetime theory (§8) [1]-[3] and extended here to Quantum Fields (§5-
7), Quantum Gravity ($10), and string theories where AString becomes the “open
string” candidate (§11).
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Atomic String Function
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Figure 3. (a) Atomic String Function (AString); (b) Atomic function as a combination of
two AStrings; (c) Representation of a straight-line segment by summing of AStrings.
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4.3. Atomic Series and Atomization Theorems

The functions for which derivatives are expressed via the function itself (like ex-
ponents exp'(x)=exp(x) or trigonometric functions sin’(x)=sin(n/2-x)
become especially useful in mathematics, and ASF functions are not the exception.
It turns out that polynomials of anyorder can be exactly composed from the shifts
and stretches of ASF pulses [10]-[18]

1 k=+N k k=+N
— z kup(x——j = Z AString(x—k) = X;
4w 2) =

N ( kj 5
Z ———|lup| x—— |=x";
64 36 4

k=+N

xX'= Ckup(x—kZ"’)
= (4.12)
k=+N

-y ¢ (ASzring(z(x—kz-")+1)—ASzrmg(2(x—k2-")—1)).
k=—N
Due to finiteness, only a limited number N =2""'+1 of neighboring “atoms”
are required to calculate a n -order polynomial value at a given point x (for
example, 9 for a parabola). Setting N =co expands the series into x direction
for exact representation of continuous polynomials. It means Atomics can also
compose— “atomize”—any analytic function (a function representable by con-

verging Taylor power series [32]) with calculable coefficients:

0 y(m) (0) ” 0 . 0 k=+p .
y(x)=>] X =>Bx"=) Bkaup(x—kZ )
m=0 m. m=0 m=0 k=—o0

(4.13)

I=+0

= i cmkup(x_b”’sz > AString (x,a,,b;,¢,).

mk=—o0 amk [=—0

These series called Atomic Series [1] [2] [7]-[9] become the foundation of
Atomic Quantization (Atomization) Theorems described in [2]. They state how
Analytic functions, including a wide range of polynomial, trigonometric, expo-
nential, hyperbolic, and other functions, and their sums, derivatives, integrals, re-
ciprocals, multiplications, and superpositions [32] can be “atomized” either ex-
actly (like polynomials) or with predefined precision by subdividing the lattice.
Examples are shown in Figure 4 and throughout the paper.

Let’s note that being non-analytic (not representable via converging Taylor se-
ries), ASF functions can also compose non-analytic functions; for example, mul-
tiplication of y(x) (4.13) tothe AF up(x) z(x)=up(x)y(x) would be non-
analytic, but representable via AF combinations.

Instead of sums (4.12) and (4.13), we will be using short notation with localized
atomic ASF functions ASF; (x) and function values y(k) at space lattice node

k , assuming summation over repeated indices k:

y(x)=ASF, (x)y(k) 5 f(x,y.z)=ASF, (x,y,z)f(k) . (4.14)
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Figure 4. Representing sections of polynomials and analytic functions with AStrings and
Atomic Functions: (a) Linear function via 5 AStrings; (b) Parabola via 8 AStrings; (c) Cubic
parabola via 8 Atomic Functions.
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4.4. Atomics as Generic Smooth Splines

Composing continuous functions from finite pieces can also be achieved with
widely-used polynomial splines, but with the crucial limitations (Streng-Fix theo-
rem [2] [3]) that » -order splines can exactly reproduce only 7 -order polyno-
mials (eq cubic parabola cannot be exactly represented by quadratic splines [7]
[17]). Infinitely smooth Atomic Splines are more generic and provide the smooth
connections between overlapping splines, which is important for precise rather

than approximated field theories.

4.5. Atomic Solitons, or Solitonic Atoms

Being solutions of special kinds of nonlinear differential equations with shifted
arguments (4.1), (4.8), ASF Functions possess some mathematical properties of
topological lattice solitons [4] [6] [46] called Atomic Solitons, described in detail
in [4] [6]. AString is a solitonic kink whose particle-like properties exhibit them-
selves in the composition of lines (4.9), curves (4.13), and kink-antikink “atoms”
(4.8) (Figure 3). Being a composite object (4.8) made of two AStrings, AF up(x)
is not a true soliton but rather a “solitonic atom”, or “topological dislocation at-

oms” [1]-[6].

4.6. Fractal Properties and More Complex Atomic Functions

For 50 years, many other Atomic Functions more complex than up (x) [10]-[18]
have been discovered. In fact, for any analytic function y(x) which is a solution
of a linear differential equation L( y) =0 it is possible to construct its own

Atomic Function ¢(x) from the equations with shifted arguments like
L(p)=cp(ax+b)+c,p(ax—b). (4.15)
Then, the function y(x) canbe composed from stretches of AF ¢(x)
y(x)=>, cp(ax—b,). (4.16)

So, it is possible to build AFs exactly composing sinusoids, exponents, gaussi-
ans, and others [10]-[19]. However, the multitude of AFs hides the importance of
up(x) as the simplest “mother function” [13]-[15] which, in combination, can
exactly compose polynomials, hence the analytic functions which are the con-

verging sums of polynomials [32]. For example, a function expanded via Taylor
2 3

series as e" =1+ﬁ+5+?+--- can be represented by its “own” atomic func-

tion eup(x) [13]-[18] but also by a series of AFs

1 k=N k ) k=+N k2 1 ( k)
x=— kup| x—— [,x" = ———|up| x——|,
e p( 2) kZN(M 36 )7\ "4

. k x xX X
= C —— et =l+—+—+—+-- 4.17
* k;N k”p(x 8) TR TREY (4.17)

By simply subdividing a lattice of nodes k/2, we can define a lattice k/4 for
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parabolas x?, and then k/8 for cubic parabolas x*, k/2™" for x". It reso-
nates with fractality (divisibility) of nature sizes/lengths [1] [19] [34], hinting that
nature can use the same fractal mechanism to accommodate high variability fields
(§12). Choosing a more granular lattice (up to Planck length) allows composing
practically any fields from the simplest AF up(x) without the need to invent
complex atomic functions. In the future, in Atomic Series (4.14), we would as-
sume that ASF, (x) can represent the multitude of Atomic Functions, but they
ultimately can be expressed via the simplest and universal AFs up(x) and
AStiring (x) .

4.7. up(x) asthe Simplest Finite Atomic Function

AF theory [10]-[13] proves that with a norm

[{gp(")]}>a2€3*2,go(x)e[—1,l],a >0, (4.18)

up(x), with minimal wiggles, is “the best” and “simplest” (a=1) out of finite
functions (p(x) capable of composing polynomials x". This property allows
deriving up(x) from some important minimization (like least actions or short-

est path) physical principles for quantization of fields ($§5,8).

5. Atomic String Functions in Quantum Field Theories

This chapter shows how ASF functions can be introduced and deduced from QFT
theories and describe the atomic quanta of fundamental particles from the Stand-
ard Model [20]-[24].

5.1. Atomic Fields Quantization Based on the Atomic Series and
Preservation of Polynomiality

Atomic Series and Atomization Theorems (§4.3), described in detail in [2] [8], are
the theoretical foundation of applying ASF functions in QFT theories. The key
idea is simple—because ASF finite functions can exact/y compose polynomials of
any order, we need to check whether QFT differential equations or Lagrangians
L(A” ) can be resolved, at least in principle, in multi-dimensional polynomials,
or generally, analytic functions which are the sums of polynomials [32]. This can
be achieved in a typical power series way by analyzing whether QFT differential
operators L(A“ ) “preserve polynomiality” [1]-[3] and being applied to pre-
sumably polynomial operands A4“ produce other polynomials matchable to the

polynomials for F* on the right side of a field equation, or schematically
Field — L(A*‘ ) =F" 4" = ZA" Polynomials,
FY = ZF” Polynomials;L(A") = ZL” Polynomials;
Match I and F* polynomials to find A* Polynomials;
A" polynomials = ZASF Functions; Field = ZASF Functions. (5.1)

As will be shown below, the majority, if not all, QFT and GR operators and
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Lagrangians historically made of derivatives and multiplications [2] possess this
crucial property of “preservation of polynomiality”—because derivatives, inte-
grals, multiplications, powers, sums, inversions, and superpositions of polynomi-
als would be the polynomials (“polynomials are hard to destroy” [2]). Finally, the
resolution, at least in principle, of QFT equations in polynomials would guarantee
that the solutions can be atomizable by the Atomic Series via finite ASF functions.
This atomization idea can be generalised to analytic functions, which by definition
[32] are the converging sum of polynomials. So, the representability of QFT solu-
tions via finite ASF functions is based on the two key features— preservation of
polynomiality (and generally analyticity by QFT operators) and exact representa-
tion of polynomials by ASF functions. The universality of the Atomic Series is
related to the fact that derivatives and integrals of ASF functions are expressed via
ASF themselves (4.3), so they can be matched on both sides of the field equations
in finite regions of space. Let’s demonstrate the fields' decomposition/atomisation

idea for some theories.

5.2. Atomic Series for Main QED Equations

Quantum Electrodynamics (QED) [21], as the most successful QFT theory match-

ing experiments with astonishing precision, deals with interactions of electron,

photon, muon, and other electromagnetic (EM) fields. Apart from the non-rela-

tivistic Schrédinger equation

al//(xl.,t)+ n? O’y (x,.1)
ot 2m  ox’

i

L(l,z/(xl.,t)):ih =V(xl.,t)l//(x,,t), (5.2)

QED deals with the Klein-Gordon equations for spin-0 particles for the wavefunc-

tion
L(y(x,))=-10"0,y —m’cy =0, (5.3)
more advanced Dirac Equation for electron/positron spinor y fields [21] [22]
L(l//(xi))zihy"aﬂw—mcy/zo, (5.4)
and relativistic Maxwell Equations for EM field components A4* [21]
L(4*)=0"0,4" —47“J*’ =0. (5.5)

It is easy to observe that all these L operators preserve polynomiality and ana-
lyticity, and being applied to presumably polynomic 4D field functions would
yield other polynomials (because derivatives, integrals, sums, and multiplications
of polynomials are the polynomials) which can be matched on both sides to satisfy
the field equations according to scheme (5.1). So, the field functions w,4“ can
be at least in principle resolved in polynomials, which in turn can be exactly rep-

resented by Atomic Series via overlapping ASF functions (4.14):

w(x,)= ASE, (x )y 4% (x,) = ASF,, (x,) 4" (5.6)

i pik

Field analytic functions, which by definition [32] are the converging sum of poly-
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nomials, follow the same rules. Physically, it means the QED fields can be decom-
posed into overlapping interactions of finite quantum-like objects ($6,7), like in
string and LQG theories [26]-[31], leading to the AString theory (§11).

5.3. Atomic Quantization of the Known QED Solutions

The fields’ atomization with the Atomic Series can be validated and demonstrated
with some known QED solutions. The core QED Dirac equation (5.2) solution for

a position-independent electron (and positron) [21]

N

y/(t)zei{m;]tt//(O):Zkl//kup(t_b"j. (5.7)

includes analytic exponents and trigonometric functions expandable by Taylor
series over polynomials [32], exactly representable via ASF series (4.13)

2 3 3 5
PSS A A, sin(x)=x—"—+—+---. (5.8)
n 21 3
A similar validation can be applied for electron plain-wave solution [21] for spinor
¥ , including an analytic exponential function representable by sums of polyno-

mials, hence ASF finite functions on electron field lattice of size s (§6):

l//(x):eipx/hu :zk‘//kup(x_s bkj- (5.9)

5.4. Atomic Function Envelope Photon Model

Let’s demonstrate how ASF functions can be used in QFT with the known photon
QED model for wavefunction components 4* which reduces to a plain-wave
solution [21], typically resolvable in analytic functions
_ipx
A* (x):ae et (p) (5.10)
One photon excitation wave packet travelling in x direction can be written as a

carrier wave frequently oscillating inside an envelope [21] (Figure 5):
y/(x,t):e"(mw’)Env(x,t) (5.11)

with a traditionally used Gaussian envelope

—b(,vc—c)2

Env(x,t=0)=ae (5.12)

Interestingly, in QED, the envelope function is not enforced but dictated by the
initial and decay conditions [21] [22], so it is not a QED violation if we choose
another envelope that provides additional benefits. Assuming that a generic enve-
lope function is analytical allows composing an envelope from Atomics:

Env(x,O)szgkup(x_ b"]. (5.13)

N

Extracting one atomic pulse from this series would yield the Atomic Photon

model based on AF pulse with amplitude &, width s, and energy/integral E
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APhoton =™ gup (LC[), E= Isup (ijdx =gs.

s s
This APhoton pulse can serve as the simplest elementary atomic excitation/ quan-
tum of the QED photon field. More complex envelopes can be constructed by
summing Atomic Envelopes (4.13) and (5.13) on some lattice. This A4Photon
model is better than the traditional Gaussian model (5.12), because from a few

Gaussians it is not possible to compose even the simplest fields, like a constant or

(5.14)

a line.

Atomic Function single-photon wavepacket (t = 0.00)
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Figure 5. (a) Atomic Photon envelope wavepacket; (b) Atomic and Gaussian Envelopes.

This Atomic Photon model correlates well with the extensive faint starlight la-
boratory experiments [21], confirming photon as the simplest (§4.6, 4.7) extremely
stable soliton-like (§4.5) electro-magnetic quantum energy excitation/pattern (5.14)
moving billions of years over vast distances without disturbances and registered
as a single quantum lump of energy (5.14). It can be associated with the moving

rearrangement of a few spacetime atoms (§9, 12), or “intricate distortions of

spacetime”, as S. Hawking [37] mentioned.
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Let’s note that ASF functions can be applied not only to the envelope, but to the
whole presumably analytic photon field function (5.11), with a schematic spatial

extension sum representation

PhotonField = Zk APhotons,. (5.15)

This APhoton model can be the basis for the experiments to check whether a few

photon envelopes are shaped (Figure 5) as up(x/s) envelopes (5.14).

5.5. Atomizing QCD Equations and Gauge Theories

Another core QFT theory of Quantum Chromodynamics (QCD), describing
strong nuclear forces and interactions of quark and gluon fields, is based on the
gauge formulation with Lagrangian density [21] [22]:

Loen (v (%)) = incipyd w —mc*y | —ﬁF”VFW ~(qepy Ay ) A, . (5.16)

The variation of this Lagrangian produces the equations for three Dirac fields in-
teracting with eight gluon fields [21] [22]. Despite the complex compactification
of differential operators and spinor vectors i, one can see that those operators
containing derivatives and multiplications preserve the polynomiality and analyt-
icity, and, being applied to polynomial operands, would produce other polynomi-
als for the Lagrangian density [2]. The minimization of it should ultimately pro-
duce a polynomial representation for the field y , which in turn can be exactly

representable by Atomic Series via the finite ASF functions:
w(x,)= ASF, (x,)p". (5.17)

So, the Atomic Series is applicable not only for differential equations, but also for

the minimization of Lagrangian functionals typically used in QFT.

5.6. Atomic Quantization of the Higgs Field

Scalar Higgs field ¢, which gives particles a property of mass, is described by
gauge QFT theory with Lagrangian density [21]

LHigg: (¢(xi )) = %(a;ﬂj)* (ay¢) +%,U2 (¢*¢) _%/12 (¢*¢) (5.18)

The operators contain derivatives and multiplications which preserve polynomi-
ality and analyticity, and, being applied to polynomial operands, would produce
other polynomials for the Lagrangian density and the solution ¢, which on a lat-

tice can be exactly atomizable with ASF functions:
#(x,)= ASE, (x,) ") . (5.19)

For further validation, let’s note that the Higgs theory yields the well-known
“Mexican hat” function [21]
1

2 42 1 2 /4
u(¢)_—5y ¢ +Z/1 ] (5.20)

which, as a simple polynomial, is exactly representable by Atomic Functions

(4.17). As described in §6, the elementary atomic pulse in series (5.19) would rep-
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resent an atomic Higgs boson (Figure 6), often coined as “the God particle”, pop-
ularised in the book [5] (Eremenko, 2020).

= Voulube"’ | higgs boson ‘

Secret of the weak interactions: @
The Higgs field is nonzero even in empty space.

field Higgs boson particle
value

Higgs
restin
valuge Higgs field

(electromagnetic, gluon,

location in space quark, electron, etc.)

> » o) 2909/5806

Atomic Function up(r) pullse

(b)

Figure 6. (a) Sean Carroll’s [33] lecture features the Higgs boson particle in space; (b) Higgs
boson representation via atomic soliton pulse up(r).

5.7. Atomization of the Standard Model of Particle Physics

The triumph of QFT as the main physical theory was the formulation of the Stand-
ard Model (SM) of Particle Physics with the Lagrangian including the parts from
all QFT theories describing up to 60 fundamental fields [21]-[24]

Z= .[DGDeiSSM;SSM = Id“x,/—gﬁw;
Ly, =R-F, F" -G, G" -W, W"~ Zt/ZDl//i (5.21)

-D,H'D"H-V(H)-A,7,Hy,.

This compactified formula incorporates the minimizable action Z , the GR Ricci
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scalar R, electromagnetism F*', strong field G*", weak field G*”, Higgs field
H , matter fields ,, with an overarching Feynman quantization integral
ID(DG’SSM . Let’s analyze what kind of additional commonality can be extracted.
First, it describes the distribution of tensor/spinor/scalar field functions f (x, Y.z, t)
coexisting at point x,y,z,f of spacetime. Second, those solutions are based on
classical infinite spread functions and operations, which assume the existence of
an infinitesimal point in space dx — 0. Third, the functional-differential opera-
tors F_,G

v v

plication operations (§5.2), for example, ificyy*o ﬂl//—mczl/7!// for QCD fields

W, are historically built upon the classical derivatives and multi-

(5.16). Those operators preserve polynomiality of arguments due to the powerful
feature of polynomials—their multiplications, derivatives, integrals, and superpo-
sitions are also polynomials. So, despite their complexity, the QFT gauge field
equations (5.21) are, in principle, resolvable in multi-dimensional polynomials or
their sums (analytic functions [32]). Composing the infinitely-spread polynomials
with ASF functions naturally introduces the quantized smooth finiteness and
replaces “a point in space” with “finite region of space”—in line with A. Ein-
stein’s 1933 perspective “atomic theory” [1] [2] [8] [25], (§1.2). In this case, up
to 60 quantum fields coexisting in every “point” of space would be replaced by
interacting finite pulses of energy, where a field configuration at every “point”
would be defined by the interaction pattern of neighboring quanta (§12). It
opens the possibility of fields unification (§9-11), including Quantum Gravity
(§9), based on a common representation of different fields via the core finite
function up(x,a,b,c) (4.5). String theory [26]-[31] also suggests a similar com-
mon derivation of all fields from “vibrating strings” (§6.9) based on the universal-
ity of Fourier series, but here the core functions are atomic, which leads to the new
variant of AString theory (§11).

Formally, introducing finite ASF functions and Atomic Series into QFT Lagran-
gians follows the standard procedure (§5.1)—first, we evaluate whether the oper-
ators preserve polynomiality and are potentially resolvable via polynomials or
their sums, and then we engage the Atomic Series, which exactly atomize polyno-
mials of any order. Instead of following this standard way, let’s formulate a more
ambitious task—to derive (rather than introduce) ASF functions from the Stand-
ard Model equations, so theoretically it could have been done on the onset of QFT
and Atomic Functions in the 1980s. A similar approach of deriving Atomics from
Einsteinian GR is described in [1]-[3]. This can be achieved with the following
theorem.

Theorem (Standard Model Finite Atomic Function Theorem). Assuming the
preservation of the polynomiality for SM Lagrangians (5.21), it is possible to find
a finite function up(x) € [—1,1] which would represent smooth SM field solu-
tions via sums of shifts and stretches d + cup ((x —b) / a) in multiple dimensions.
This function should be non-analytic and infinitely differentiable, with the deriv-
atives and integrals expressed via the function itself, with the simplest function
up'(x)=2up(2x+1)—2up(2x-1).
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Proof. Preservation of polynomiality by SM Lagrangian operators (5.21) implies
that multi-dimensional field functions are representable by polynomials P, (x,)
being injected into these operators would yield the other polynomials, because
multiplication of derivatives of polynomials by other polynomials would also be
polynomials. So, in some regions of space, the Lagrangian (5.21) can be represented
as the complex superposition of many polynomials of any order. Minimization
(derivation) of Lagrangians would yield the field equations and their solutions as
a series of polynomials. This theorem can be proved if we find some basis spline

pulse-like finite function p(x)e[-1,1] which, in translation, would exactly

compose a polynomial of anyorder x" = ZifNN ¢ p(x b j . Evaluating the can-
- 2,

didates for p(x), we first have to eliminate the polynomial splines of some order,

because they are unable to exactly compose a polynomial of any order ([2], §4.4).
The spline function should be a polynomial of “infinite” order, so belonging to
class C(o0) of absolutely smooth functions. Secondly, we have to eliminate
smooth trigonometric and other exponent-based analytic functions like Gaussians
or sigmoid, because by summing a few pulses, they are unable to exactly reproduce
even the simplest polynomials (a line, or a constant). The choice has narrowed to
infinitely differentiable finite functions which at least satisfy “partition of unity”
c= Z P (x - k) ith derivatives expressed via the function itself

p'(x) = F(p(x)) , or in the simplest (§4.7) linear form

p'(x)=F (p (x)) =kp(ax+b)—kp(ax—b) which, with the symmetry condition
p(x)=p(-x), normalization p(0)=1 and finiteness p(x)=0, |x|>1 leads
to the Atomic Function p (x) =up (x) , up'(x) =2up (2x + 1) —2up (2x - 1) dis-
covered in the 1970s (§4). They can compose a polynomial of any order x”"
(Theorem $4.3). Due to double-symmetry (4.2), the AF up(x) itself can be rep-
resented via the sum of two AS#ring kink functions (4.8)

up (x) = AString (2x + 1) — AString (2x - 1) = AString'(x) which can compose the
polynomials of any order too. In summary, due to preservation of polynomiality
by all Lagrangian operators, the QFT field solutions can be, at least in principle,
resolved in multi-dimensional polynomials, or their sums, which in turn can be
exactly representable by a series of shifts and stretches of multiplications of
Atomic Functions in many dimensions (4.6), (4.13).

Proof obtained. The importance of this theorem is that it allows not only intro-
ducing but deducing finite ASF functions from QFT, noticing the crucial property
of QFT operators to preserve polynomials and the ability of ASF Functions to ex-
actly compose them. Basically, it tells that presumably smooth analytic QFT fields
can be represented/atomized via sums of ASF pulses in many dimensions (§6-9).
Different fields governed by their own equations would have different distribu-
tions (§6), but, like in a string theory [29]-[31], the underlying common mathe-
matical entity would be the Atomic Functions leading to AString theory (§11). As
we see, the Standard Model (5.21) can incorporate another “layer of commonality”

based on universal finitization/atomization of point-like QFT field functions with
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finite ASF functions resembling strings/loops/excitations described hereafter.

6. Atomic or AString Quantum Field Theory

Integrating Atomic String Functions into QFT theories (§5) leads to the Atomic
or AString Quantum Field Theory (AQFT) [8], described hereafter.

6.1. Introducing Finiteness into Continuous Theories

While representing the fields via some universal series like Fourier or Atomic Se-
ries (4.14) has some theoretical significance, the other opportunity is important
as well—to examine the fundamental elementary processes/laws/principles based
on analysis of the individual series components. For example, the universal trigo-
nometric Fourier series gave rise to string theories where elementary “building
blocks” of fields are some vibrating strings [28]-[31]. Atomic Series offers its own
unique features—smooth quantized finiteness and the fields’ composition from
interacting elementary “building blocks”. It is quite natural to assume that finite
ASF functions would better describe finite strings, loops, excitations, and quanta.
QFT [21]-[24] conveniently postulates that fields are made of ripples, and funda-
mental “particles”/quanta are the elementary excitations of quantum fields. Be-
cause AF up(x) isafinite pulse (Figures 1-4), it is tempting to use it to describe

the “elementary ripple”, or an Atomic Quantum of a field, as described hereafter.

6.2. What Atomic Pulse Mean in QFT

The previous chapters provide the theoretical foundation on how the Atomic Se-
ries can represent/atomize any QFT field, with the Atomic Photon (§5.3) and
Higgs (§5.6) models being the examples. The most important question is what an
atomic pulse actually describes in the QFT context.

Generic 1D AF pulse (4.5) (Figure 1, Figure 2) has 4 parameters—pulse centre
location x=>b, y=d=0,amplitude c,and width 2a:

up(x,a,b,c,d)=d+cup(ﬂj. (6.1)
a
A few neighbouring atoms overlap and produce a continuous field
field (x) = clup(x —ah j +c,up [ x—ab, j +cyup (x—_ab3j e (6.2)
a a a
for example, a parabolic or any order polynomial (4.12) field

xzzzk(%—%Jup(x—gj;x”EZICZup(x—ZT"). (6.3)

Individual pulses in series (6.2), (6.3) have different shifts and amplitudes, but the

same lattice width « . It allows associating the pulse width & with some funda-
mental field “size” parameter s, a=s, upholding the main QFT [21]-[24] and
string theories assumptions [29]-[31] where fields differ by different scales and
frequencies of vibrating strings. For example, the size s of a spacetime field can
be associated with the Planck length [21] s=1/,=1.61x10""m while the QFT
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electron field (§5.3) can be associated with either radius of an electron or better

with Compton quantum wavelength [21] s=214 = L ~2.426x10"? m . In sum-
mc

mary, in the AQFT model, the difference between fields is encapsulated in the

lattice width/size a=s of the elementary atomic pulse cup(x _bj .
a

6.3. Quantum Wavefunction Interpretations of Atomic Pulses

Next, let’s elaborate on the atomic pulse cup (x_—bj amplitude c. It has units
a

xX—

of a field function (the function up(
a

bj is unitless) the theory is applied for,

with a few useful options.
In application to QM, the meaning and units of a pulse amplitude ¢ is the
probabilistic wavefunction  amplitude, so the atomic pulse and QM wavefunc-

tion field on some lattice of nodes can be conceptualized as

OMPulse = yup (ﬂj s
* (6.4)

x-b,

OMfield = Zkl//kup( j = Sum of OMPulses.

N

In this way, the ASF functions were introduced into Atomic Quantum Mechanics
[9].

In more advanced QFT, the QM wavefunction is replaced by a complex field
operator ¢ encapsulating spinor fields for fermions, vector fields for bosons, or
scalar fields for Higgs [21]. In a nutshell, ¢ is just a space-defined complex op-
erator function which can be decomposed into finite atomic functions, so the

quantum fields on some lattice of nodes can be conceptualized as

QFTPulse = pup (x_—b) ,
s

—b, (6.5)

N

Field = Zk ¢kup( j = Sum of QFTPulses.

For example, in application to Dirac QED electron fields, the field operator ¢
would have the meaning of a Dirac spinor y (5.4) decomposable into finite

atomic pulses.

6.4. Atomic Quanta as the Pulses of Energy

Physically, all fundamental fields are the carriers of energy. In classical physics,
energy is stored in the field configuration, like electromagnetic energy density. In
QFT, the fields become quantized, meaning a field can only have discrete excita-
tions of energy associated with “particles” [21]. To apply the Atomic Functions

theory to QFT fields, it is useful to associate the atomic pulses with the pulses of
x—

energy, so the amplitude ¢ of atomic pulses cup[ bj can be related to some

N
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energy parameter ¢, c¢=g¢ . It can be done in the following way [8]. First, we
need to understand how AFs would appear in many dimensions. Let's assume that
an n-dimensional field is described by an analytic function field (x,), i=1-,n.
By definition, it is representable by » -dimensional polynomials P, which are
the multiplication of some 1D polynomials representable by 1D AFs. For example,
the polynomial component x’y’°z can be exactly atomized by the sums of mul-

tiplication of AFs in the relevant dimension:
K1 k 1 m
2 _
2= Elk(__%]up(x__j, y5 = 2 lC,uP(y—lZ 5), z= an—up(z —_j.

Due to finiteness, those multiplications would be non-zero only inside the finite

regions of space

ﬁeld(xl,-“,x,,)ZZCIup(x‘ _bl j*...*cnup(xn _bnj'
S

N

Selecting identical pulses in every dimension allows introducing 7 -dimensional
AF (4.6) and its integral

up, (x,,s,¢) =up(xl,---,xn)=8up(x1/s)---up(x"/s),

(6.6)

n

J.gupn(xn/s)dnx=gsn, S:c1 koo |

Finally, let’s make a reasonable QFT assumption that the energy E of a pulse is
related to the integral of an excitation pulse, which, due to (4.6) in the 1D case,

wouldbe E=¢gs or E=¢ in n-dimensional theory:
E= J‘_: cup(x/s)dx=¢s; jb‘upn (x,/s)d"x=es". (6.7)

Interestingly, the atomic pulse cup(ﬂj amplitude ¢ has a convenient
s

meaning and units of energy density & (Joules per unit of volume) frequently

used in many classical and QFT theories, and, importantly, in Lagrangians. It

means the atomic quantum fields representations (6.2) would have a meaning of

energy density distributions &(x,,-+-,x,) on some lattice, or schematically

e(x,x,) = Zkgkup,m (x,/s); field = Sum of APulses. (6.8)

6.5. Extracting an Elementary Atomic Quantum Pulse

From the Atomic Series sum (6.8), it is possible to extract an elementary pulse
identical in all directions, which would describe an elementary atomic excita-
tion/ripple of a field, which in QFT theory is typically called quantum [21] [22].
Because it is described by an Atomic Function, it is reasonable to name it as
Atomic Quantum or simply AQuant which in n» and 1 dimensions can be

written as
AQuant(x,,-+,x,)=¢&(x,,--,x,) = €up, (ﬁj’
’ (6.9)
AQuant(x) = g(x) = sup (f)
s
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This pulse has the shape of a multi-dimensional Atomic Function (Figure 1, Fig-
ure 3, Figure 6), units of energy density, and two key parameters—constant field-
dependent size/width s and energy density ¢ as a pulse amplitude. This
AQuant pulse can be definedin » dimensions (simple 1D, QFT 4D spacetime,
or up to 11 in some string theories). The spatial integral (6.7) of this finite pulse
has the units and meaning of energy. In summary, the description of an Atomic
Quantum as an elementary excitation of a quantum field can be encapsulated in

the following formula

E= IAQuant(xl; X, )d"x = J.gup,Z [z—”)d”x =¢gs". (6.10)

This key formula unites the energy E, size/width s, and energy density ¢ of
an Atomic Function up, pulse which describes an elementary field excita-
tion/quantum with » dimensions. Fields differ from each other by the presum-
ably constant size s of quanta (similar to different string frequencies in string
theory [29]-[31]). Variable energy density &, as the amplitude of a quantum
pulse, is proportional to the energy level of a field in a given pulse region.
Atomic Quanta (6.10) are not just the mathematical abstractions but can be
conveniently matched to the experimental values based on known sizes (like
Compton quantum lengths [21]) and energy levels, for example, for a few Atomic

Quanta particles in Table 1.

Table 1. Energy densities and sizes of atomic quanta for some fields.

Atomic Quantum Energy E (GeV) Size s (m) £(J/m?)
AElectron 0.000511 2.43 x 10712 5.7 x 10
AUpQuark 0.0023 5.42 x 1071 3.7 x 10¥

ADownQuark 0.0048 2.60 x 10713 8.0 x 10%
AHiggs 125.10 1.58 x 1078 5.1 x 10%

In the historical context, the formula (6.10) unites the 55-year-old theory of
Atomic Functions with the 80-year history of Quantum Field Theory as the major
theory of physics, enriching both theories. It not only introduces the new Atomic
Quantum and fields atomization concepts into QFT theory, but also leads to AS-
tring Quantum Gravity and string theories described in §9-11.

Let’s highlight the novelty of Atomic Function representations (6.1)-(6.10) in
comparison with traditional QFT theories based on point-in-space and infinitely
spread functions, which, according to A. Einstein [25] may create the “stumbling
blocks” towards unification (§1.2), notably renormalization of infinities [21].
Atomic QFT theory not only offers the easy and universal way of quantization of
fields based on Atomic Series over finite ASF functions envisaged by A. Einstein

in his “atomic theory” [25] but also introduces a useful field fundamental size s
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parameter absent in QFT to distinguish different fields and match it to quantum,

string or loop sizes from string and LQG theories [26]-[31] (§9-11).

6.6. Variable and Constant Fields Composed of Atomic Quanta

Atomic Quantum (6.10) is the elementary quantum of a field based on one AF
pulse (Figure 1, Figure 3, Figure 6). In reality, fields are variable (Figure 7) and
can be composed from the superposition/sum of finite quanta of different inten-

sities located at some lattice & nodes, or schematically in the 1D case

AQuant = eup(x_s Sb),
(6.11)

Fields = Zk&‘kup [ﬂj = Sum of AQuanta.
s
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T — | E— T T
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Figure 7. Different field configurations composed of atomic functions.

Due to AF partition of unity (4.4), equally spaced quanta of identical intensity
&, =& produce a constant field (Figure 2) with energy (6.10):

x— ks

ConstantField = 8Zkup( ] =¢; FEnergy E=¢s. (6.12)

This simulates the constant (eq., Higgs, gluon, or electron) energy field meas-
urable in experiments, for example, on the Large Hadron Collider (see Table 1).
But generally, the fields are varied and composed of atomic quanta of different

intensities (6.11). Examples of different variable fields are shown in Figure 7.

6.7. Different Fields Have Different Atomic Quanta

Each field has its own size parameter s, like a Compton or other length [21],
typically measured in experiments, for example, s=2.43x10""m for an elec-
tron field (see Table 1), or Planck length s=1.6x 10* m for the spacetime field
first described with ASF Functions [1]-[8] in 2018. So, generic AQuant defini-
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tion (6.10), (6.11) can be introduced for every field type, for example

AElectron = gup(x — b),
s

x—sb,

ElectronField = Z £kup( ) = Sum of AElectrons,
*

5=243%x10"" m;

AHiggs = sup (x_—b}
s

x—sb,

HiggsField = z gkup( j = Sum of AHiggs,
*

s=1.58x10"%m;

AUpQuark=£up(x_bj,
s

x—sb,

UpQuarkField = Z 8kup( j = Sum of AUpQuarks,
’

§=542x10"m;

ASpacetime = sup ( x=b J ,
s

x—sb,

SpacetimeField = Z 5kup( j = Sum of ASpacetime, (6.13)
k

s=1.6x10""m.
Figure 8 schematically shows different energy levels for different quanta, and
different distributions of fields described by Atomic Functions [1]-[9]. The bene-
fits of introducing separate Atomic Quanta are that the engineers in each field can

work with their own quanta instead of generic representations for all fields.

Uneven Matter Distibution
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Atomic Function Pulses Combination

Figure 8. (a) Different fields have quanta of different energy levels; (b) Constant field as
superpositions of a few atomic pulses; (c) Composing a growing field/brane from AString
functions.

6.8. Energy-Mass Relationship for Atomic Quanta

The energetic definition of Atomic Quanta (§6.4) is especially useful for establish-
ing relationships between energies and other matter characteristics. Following
Einstein’s energy-mass relationship E =mc’, it is possible to express a field

atomic quantum (6.10) in terms of mass:
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[x" j
eup, | —
N

_ . _ n _ 2
m(xl,---,xn)—c—z,E—gs =mc”.

m :J.m(xl,---,xn)d”x:_[cizup" (i—”)d"ngs"/cz. (6.14)

This formula not only unites Einsteinian Special Relativity and Atomic Functions
theories but also correlates with Einstein’s 1933 perspective “atomic theory” [1]-
[3] [25]. It also emphasizes mass as an interaction rather than a matter collection

phenomenon.

6.9. Associating Atomic Quanta with Vibrating Strings

Instead of associating Atomic Quantum energy (6.10) with mass (6.14), it is pos-
sible to choose another universal Planck-Einstein energy-frequency relation [21]
E =hv . In this case, Atomic energy distributions (6.8) would have the meaning

of the fields of vibrating strings
field = Sum of Strings; or v(x,,-++,x, ) = Zk vup,, (x,/s) (6.15)

with elementary atomic pulse/quantum

E= .[String(xl,---,xn )d"x = I&upn (%jd"x =gs" =hv, (6.16)

or, in terms of frequencies,
£ X,
v=\|v(x,,x )d"x=|—up, | = |d"x=¢s"/Rh. (6.17)
J‘ ( 1 n) J‘h pn( s J /

Let’s note that we are not postulating that the coefficient 7 is a constant for
every field. It just relates energy to a frequency, and we know that for a photon
field, it is the Planck constant [21].

These formulae link the Atomic Functions theory with string theory [28]-[31],
assuming that atomic field distributions can be expressed in terms of frequencies
of vibrating strings. For example, the parabolic field around point x (4.12) can

be expressed as the superposition of 9 (N =4 ) AF pulses/notes/keys
2 k=+N k2 1 k
= - ——. 6.18
. z"N(64 36]up(x 4j (6.18)
2
with amplitudes (% - %j which can be related to some string frequencies. The

prospects of AString theory are described in §11.

6.10. Associating Atomic Quanta with Chronal Fields

Chronal fields were hypothesized in the 1980s by A. Veinik [39], who suggested
that every fundamental field, including time and space, should have its own
quanta—chronants and mertriants—the presence of which gives matter the prop-

»

erties of the “time run rate”, “size”, and “order of location”. Later development of
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string theories [28]-[31] correlates with these hypotheses because vibrating strings
define the frequencies of timing processes and locations of strings with size. Chro-
nal intensity 7 is also measured in frequencies [39], and replacing v with ¢
in atomic quanta (6.16) and string fields (6.17) definitions allows deriving the

atomic chronal fields with a quantum of energy

E= JChronal(xl,- X, )d”x = jaupn (%Jd”x =es" =hr, (6.19)

or, in terms of chronal intensity,
rzjr(xl,'--,xz)d”xzjfupn n d"ngs”/h. (6.20)
' h s

Here, 7 is not strictly speaking a Planck constant but a proportionality coeffi-
cient to match the chronal intensity (of strings) to energy E . Interestingly, this
line of research may lead to the theories where energies E =¢gs" =hir are not
fundamental but emergent from chronal and metric fields, in correlation with

some popularised theories where energy may be related to “time”.

7. The Properties of Atomic Quanta of Fundamental Fields

Atomic Quantum (6.10) provides the novel description of elementary field exci-

tation/ripple with Atomic Functions, with the properties described next.

7.1. The Shape of the Atomic Quantum

Atomic Quantum (6.10) has a smooth pulse/excitation/ripple shape described by
the Atomic Function (Figure 1, Figure 6, Figure 8), generallyin » dimensions.
The key question is why can’t we use the other pulse looking functions, for exam-

2
=" or some known spline. The answer is that from

ple, Gaussian G(x) =qe”
translations of a few Gaussians, it is not possible to compose even the simplest
polynomial fields (like a line or parabola), while shifts and stretches of a few AF
pulses compose a polynomial of anyorder, hence analytic field functions.
Another important question is the atomic function shape invariance in 3D
space—the 3D pulses cup(x/s)up(y/s)up(z/s) may look different if we rotate
the coordinate system x,y,z, or see the pulses from a different angle (Figure 6,
Figure 8). Here, it is important to note that atomic pulses are actually the “atom-
ized” versions of analytic functions appearing in solutions of differential QFT field
equations (§5,6), typically invariant against coordinate rotations and Lorentzian
transformations [21]. Final analysis of the solutions requires the selection of a co-
ordinate system and writing the functions, “atomization” of which would lead to
an elementary gup(x/ s)up( y/ s)up(z/ s) ripple/atom/quantum. It does not
mean that there is a “rigid” object like a 3D Lego block that physically exists some-
where in space. Nature does not know what is x,y,z, and the AF Quantum pulse
(6.10) expresses some relationship/distribution/feature of a mathematical solu-
tion, in our case, the composition of any polynomial in any coordinate system

from finite pieces.
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7.2. The Energy and Mass of an Atomic Quantum

Energy of a quantum excitation is an integral (6.10) of an elementary AF excita-
tion/quantum, matching the QFT convention. This exactly calculable integral
(4.5), (4.6) is a product of two parameters—amplitude & and size/width/volume
s" factor; in 3D, it is ¥ =s’. The bigger and more intense the excitation, the
more energy/mass it has. Association of energy with mass (§6.8), based on Ein-
steinian E =mc”, means that Atomic Quantum carries some mass m = é&s" / .

Noting that V' =s" is avolume and is a “matter” density, we can write
g=oc*; E=mc’ =es"; m/V=0; V=s" (7.1)

It reminds the Einsteinian E =mc”, but expressed in terms of an energy density

¢ of an Atomic Quantum pulse.

7.3. The Size of Quanta Is Defined by the Field Type

Each fundamental field (photon, gluon, electron, Higgs) has its own (minimal)
atomic quantum size s. Despite the s constancy, we need to be careful about
“fixing” it. According to Einstein’s Special Relativity and Lorentzian transfor-

mations, the sizes of a moving object can shrink. It means the quantum pulse

gup (fj width s is a “dynamic” uniformly shrinking constant, the same for
N

all quanta. In QFT, the particles are not the “rigid” matter objects with fixed size,
but the “excitations” of fields, and the Atomic Quantum model (6.10) describes

exactly that.
7.4. The Energy Density of Atomic Quantum

The key intensity parameter ¢ of an Atomic Quantum (6.10) sup [ﬁj have a
s

meaning of energy density &, which should be treated as the amplitude of a pulse
that can fall into positive or negative territory [8].

Let’s elaborate on the important relationship £ =¢s” between Atomic Quan-
tum energy £ and quantum intensity &, remembering that size s” depends
on the field type. For example, the Higgs field has energy levels of 125GeV, while
electromagnetic fields are much weaker. It does not mean that quanta intensities
¢ obey the same proportions, because Atomic Quanta of different fields have
different s" sizes which are the true field-dependent constants. Using the string
theory [29]-[31] analogy, the energy of strings should depend not only on fre-
quencies but also on the sizes s” of strings. So, energy, as a universal concept for
many theories, becomes a product of two parameters, creating multiple opportu-

nities discussed in §9-11.

7.5. The Dimension of Atomic Quantum

Another parameter of the Atomic Quantum model (6.10) is the number of dimen-

sions n appearing in the definition of a size/volume s" and # -dimensional
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xﬂ

Atomic Function upn( j The ASF theory does not impose the number of

S
dimensions, and is applicable for the familiar 4D spacetime or for 11 dimensions

in some string theories.

7.6. Radial Atomic Functions Can Describe Loops

Atomic Functions can also describe loops presumed to be the building blocks of
spacetime in Loop Quantum Gravity (LQG) theory [26]-[28]. Radial AF (4.6)
(Figure 1, Figure 6)

up(r,c,s) =cup(£j;r =X +y +2° (7.2)
s

is defined on the area resembling a spherical quantized loop. Atomic distributions
(6.11) can be interpreted as overlapping interconnections of loops, with opportu-

nities for research towards a common atomic LQG theory (§13).

8. Atomic Quantization of Gravity and Atomic Spacetime

General Relativity (GR) was the first theory where Atomic String Functions were
introduced during 2018-2022 [1]-[8], which led to the Atomic Spacetime theory

[1]-[5] briefly overviewed hereafter.

8.1. Atomic Spacetime Quantization Theorem

Atomic Spacetime formalism is encapsulated in the following theorem [1]-[8].

Theorem (Atomic Spacetime Theorem). For analytic manifolds, Einstein’s cur-
vature tensor G, preserves analyticity and polynomiality and yields GR solu-
tions for spacetime shapes, deformations, curvatures, and matter/energy tensors
representable by Atomic Series via multi-dimensional Atomic AString Functions
superpositions:

Rv_l R:8TEGT .

v = Y7 Eguv C4 uv?

G/J

g,uv = Zyvi UP(xi’ayvi’byvi’ c/tvi )

(8.1)
= Zyvi AString (xi > aﬂvi 4 b;tvi > c;tvi )

The proof described in detail in [1] [2] is based on the following sequence. For
analytic manifolds-spacetime geometries described by analytic functions
X, =X, (xj) —the metric tensors g,, composed of derivatives and multiplica-
tions [33] would also be some analytic functions. Injected into Christoffel opera-
tors, Ricci tensors R, , and scalar R=g""R, [33], they would yield another
set of analytic functions [2] representable by Taylor power series because the
cross-multiplication of derivatives and superposition of analytic and polynomial
functions would also be analytic [32]. Injected into (8.1), they produce Einstein’s
curvature G,, and energy-momentum tensors 7, supposedly representable

by polynomials via multi-dimensional Taylor series. Because a polynomial of any
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order is exactly representable via Atomics (Theorem §4.3), the spacetime curva-
ture, metric, and energy/momentum tensors can be represented as the superposi-
tions (8.1) of multi-dimensional Atomic UP and AString functions (4.6)
with derivatives expressed via themselves.

In a nutshell, this theorem tells that the smooth spacetime field, as any analytic
field (4.13), can be represented as overlapping interaction of finite Atomic String
Functions which can serve as “building blocks”/“mathematical atoms”/gravi-
tons/quanta [1]-[5] of spacetime (Figure 9) offering Quantum Gravity, AString
theory, and unification opportunities (§9-11).

Space Density from Shwartzchield metric m(r)=sqrt(1/(1-rs/r))

— —T—
— ST = 0.5/r‘

24 \ = rs/r = 0.4/r |
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18—\ ‘

W\ |
\\\ | |

14

12—y \\\\‘\y\
\\ \\\\
Lo : .
0.75 100 125 150 175 200 225 250
()
AString Quantisation - Swartzshield metric density (8 AStrings)
T — T — T
’ == Curved line via AStrings - Exact

2 | | ——— Curved line via AStrings - Calculated L

1

0
-1
-2

\\
, |
» |
i \y\
| | T
_5 T T T T T
0.6 0.8 10 12 14 16
(b)
DOI: 10.4236/jmp.2026.173017 327 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.173017

S. Yu. Eremenko

Figure 9. (a) Space density function from Schwarzschild GR solution; (b) Representing
Schwarzschild metric via AStrings; (c) Spacetime made of AStrings.

8.2. Spacetime Solutions Examples

Examples [1]-[5] are the analytic Friedmann solution [33] expandable via power

series, hence Atomics (4.13):

&2 =dr? + 8, (r) dO*;

3 5 _
Sk(r)=rsinc(r\/z)=r—k%+lkzL0—---=chkup(r abk j . (8.2)

Schwarzschild solution (Figure 9) for radial bodies and black holes also leads

to analytic functions representable by Atomic Functions (4.13):

05" =~ A(r)2dr + B(r)dr* +°d0 A(r) :(1_£j;3(r) :(1_’_sjl.

r r

A(r) =chkup[r_ab"j:ZkAString(r,ak,bk,ck),r #0. (8.3)

8.3. Spacetime as Open AStrings Interactions

Atomic Spacetime theory [1]-[5] leads to the conclusion that curved spacetime
expansion is better described by AString kink functions (Figure 9), which remind
“open strings” from string theory [28]-[31] as described in §11:

(x)=Y, ¢, AString((x b, )/a). (8.4)

Spacetime “density” (metric) are some up (x) pulses—“closed strings” (§11)—

combinations:
p(x)=)~c’(x)zzkup(x,a,bk,ck). (8.5)
They are related by the fundamental AF theory Equation (4.8) (§9,11):
up (x) = AString'(x) = AString (2x + l) - AString(Zx - 1). (8.6)
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8.4. Quantization of Length and Planck Scales

Finite and fractal ASF functions are naturally good for the quantization of
spacetime. AString function appears in “quantization of length” conceptualizing
a distance as the overlapping interactions of “elementary pieces”/mertriants [1]
[3]-[8] similar to strings [28]-[31]:

L(x)= J:dfc(x) = Ljp(x)dx = AString(x,a,b,,c, ). (8.7)

Minimal pulse half-width parameter « in (8.4)-(8.7) can be associated with
the Planck length « =1, = 1.616x107 m, graviton size [1] [3] [21] used in AS-
tring Quantum Gravity (§9), string or loop size from the string and LQG theories
[26]-[31], or, due to fractality of AF and spacetime ($4.6), with some field’s vari-
ability parameter.

8.5. Atomic Graviton Model

Similar to Atomic QFT fields (§6, 7), the atomic quantization of spacetime via
Atomic Series (8.1) allows extracting one elementary pulse (6.10) typically associ-

ated with a field quantum - spacetime graviton first discussed in [1] [3]:

E= _[AGraviton(xl,--',x,, )d"x = jgupn (xs—"jd"x =e&s". (8.8)

Here, s=1/,=1.616x10""m is a quantum size Planck length, & is a variable
energy E density of a graviton field in n=4 dimensions. So, in addition to
(8.4)-(8.5), spacetime can be conceptualized as a lattice field made of interactions

of overlapping gravitons:

AGraviton = gup(x — Sbj,
) (8.9)
x—sb,

Spacetime = z . gkup( ) = Sum of AGravitons.
It also correlates well with “atomic theory” envisaged by A. Einstein in 1933 [25],
with more details in [1] [3]-[8].

9. Prospects of Reconciling General Relativity and Quantum
Theories Based on AString Quantum Gravity

The unified description of fields and spacetime via finite Atomic String Functions
naturally leads to the new AString Quantum Gravity described hereafter. The
“simplify and unite” research method is based on decomposing the fields into fi-

nite “mathematical atoms” and examining how those atoms can be united.

9.1. Quantum Gravity as an Unresolved Problem in Physics

For decades, reconciling General Relativity and Quantum theories was one of the
most difficult problems in physics included in the list of unresolved problems with
the following formulation [41]. “Can quantum mechanics and general relativity
be realized as a fully consistent theory (perhaps as a quantum field theory)? Is
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spacetime fundamentally continuous or discrete? Would a consistent theory in-
volve a force mediated by a hypothetical graviton, or be a product of a discrete
structure of spacetime itself (as in loop quantum gravity)? Are there deviations
from the predictions of general relativity at very small or very large scales or in
other extreme circumstances that flow from a quantum gravity mechanism?”.
This chapter attempts to address some of these problems.

As discussed in §1 and [8], one of the QG problems is related to the mathemat-
ical incompatibility between complex nonlinear GR and QFT theories, or simply
the absence of “common mathematical blocks”. Conceptually, it was clear that the
energy of QFT fields should curve spacetime as per the Einsteinian GR equation
[21] [33] [35]:

G :8nGT

. _ mEM Weak Strong Higgs
w =" T T, =T, +T, " +T)" +T,% +-. (9.1)

Hv

GR Ricci scalar R is included in the definition of the QFT Lagrangian (5.21) on
equal footing with other fields [21] [35]

Ly, =R—F, F" -G, G" —W, W*" . (9.2)

yy ny

But the question remains, where are those “common mathematical blocks” on the

level of quanta, and how are the quanta of fields related to the quanta of spacetime?

9.2. Prospective “Atomic Theory” of A. Einstein (1933)

Interestingly, the hint to resolve the “quantum-riddle”problems was expressed by
A. Einstein in a 1933 [1] [2] [8] [25], where he envisaged “afomic theory” with
“finite regions of space” with discrete energy levels, which are strikingly similar to
Atomic Quanta (6.10) (§6, 7). The “atomic theory” described in this work ad-
dresses some QG problems by finding the finite “common blocks” which link GR
and quantum theories, conceptualizing atomized quantum fields as atomized dis-
tortions of spacetime, as described next. String and LQG theories [26]-[31] also

offer the unification framework, but this one is based on the ASF functions.

9.3. Reconciling General Relativity with Quantum Theories Based
on Atomic String Functions

Atomic String Functions (ASF) theory does not operate with infinite-spread func-
tions and “point-in-space” theories, which A. Einstein [25] identified as “stum-
bling blocks” (§1.2). Really, as M. Kaku mentioned [31] [44], it is not possible to
find commonality if particles are “dots”. This gave rise to the strings and LQG
theories [26]-[31], where the building blocks of all fields are finite. But the new
mathematical apparatus of finite ASF functions applicable for both QFT (§5-7)
and GR (§8) allows discovering these “linking blocks” quite naturally with the fol-

lowing steps.

9.3.1. Step 1—Common Representation of Quantum and Spacetime
Fields with Atomic Series

Let’s start by summarizing the findings from previous chapters. ASF Functions,

DOI: 10.4236/jmp.2026.173017

330 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.173017

S. Yu. Eremenko

or Atomics (§4), can exactly compose the polynomials of any order and analytic
functions from a limited number of atoms near a point x:

X" = :ingup(x—kZ’”). (9.3)
This allows building the universal Atomic Series (4.14), which can be applied to
linear and nonlinear theories traditionally built with differential operators that
“preserve polynomiality” (§5, §8). For QFT (§5-7), it decomposes the continuous
energy density fields into finite AFsin » dimensions on some lattice:

e(xl,---,xn)zzkgkupkn(xn/s), (9.4)

or, in the 1D case (6.11),

g(x):zkgkup(x_sb"sj. (9.5)

Taking one pulse at some point x=0, b, =0 allows extracting the Atomic

Quantum with energy (6.10)

E:feupn (ijd"x:e;s"; E:.faup(fjdx:gs forn=1. (9.6)
s

N

Knowing the quantum sizes s (like Compton lengths [21]) for different fields
allows matching energies to the experiments (§6, Table 1), for example, for Higgs
bosons (s =1.58x10"* m, E=125GeV, £=5.1x10"J/m*).

Next, let’s describe the Einsteinian spacetime (§8) with metric g, and inter-
val di’ =g, dx,dx, [33].For simplification, let’s consider the curved 1D spatial

dilaton-like manifold [42], where it reduces to
d%’ = g, dx*;or di = p(x)dx; p(x)=1/g,, - 9.7)

Here, g, (x) is a 1D component of the metric tensor, and p(x) have a mean-
ing of spacetime “density” or unitless deformation p=x'(x). Decomposing
spacetime into ASF functions (§8) leads to the formula (8.4) for curved spacetime

X expansion (Figure 9)

fc(x)zzkdkAString(x_aka (9.8)

a
where due to (4.8) deformation p(x) becomes the superposition of pulses

up(x/a) with half-width a:

p(x)= ()= X, o

x—ab

j;up(x) = AString'(x) . (9.9)

k
a
Now, we can see the emergence of a “common block”—atomic function up(x)

—between quantum &(x) (9.5) and spacetime p(x) (9.9) fields:

o(x)= Zkekup(x_bksj; p(x)=3, pkup(x_Taka (9.10)

N

Atomic pulses cup((x—b) / a) describe the “finite regions of space” in “atomic
theory” envisaged by A. Einstein in 1933 [25]. Energy density &(x) describes a

field, for example Higgs or an electron field, while p(x) describes the spacetime
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deformation distributions. Those fields are not independent but related by GR
and QFT Equations (9.1), (9.2)

g(x)~ p(x). (9.11)
The goal is to examine this relationship and understand how mathematical blocks

&.up ( s _sb’“ il J and pup ( o _aabk j can be linked.

9.3.2. Step 2—Matching the Fields to General Relativity
Let’s now explore how the atomized field and spacetime (9.10) can be related by

GR equations (9.1) [33]

G, =R 1 wR=kT, k—gG (9.12)
c*

v /lV 2 uv?

For a 1D manifold, p(x) (9.9) is the square root of a metric function (9.7)

x—ab
g (x kakup( p kj. (9.13)

Next, field energy density &(x) (9.10) has the same units as stress-energy ten-

sor T

uv?

hinting that in 1D case &(x) can be associated with 7}, component:

e(x)=T, (x)= Zke‘kup( b’csj =T, (9.14)

One atomic quantum would have energy dependent on the size s of a field

quantum (6.10):
Isup( de es=T,s. (9.15)

For a 1D manifold, the generic GR (9.12) can be simplified into the dilaton gravity
equation for the metric function g, (x) [42]
8nG 1 , 1
c_4711 = _vlvl¢+gllvz¢+Engl (V¢)2 - W(¢ )2 _EgnV = L(¢ag11 ) (9.16)
Here, the energy density function 7;, (x)=¢ isexpressed in terms of the dilaton
function ¢, its first V, and second derivatives V*, and the model functions
W(¢), V(¢) [42]. With T, =¢ and g, =p’ from (9.13), (9.14), this equa-
tion can be reformulated in terms of energy densities &(x) and spacetime de-
formations p(x)
87cG

1
2(ve) -w (g —EpZV =L(¢,p). (9.17)
This equation provides the desired expression for a generic 1D relation (9.11).

9.3.3. Step 3—Linking Atomized Spacetime and Fields
By itself, atomic theory, being the theory of finite representations of continuous
functions, cannot establish the relationships between fields, and for that, we need

the field equations like (9.17). Injecting series (9.10)

&(x)= kap( bsj p(x)= kaup(x_a“ﬂ (9.18)
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into (9.17) allows extracting some link function/matrix/operator Link, which
links energy density &, atlatticenode k to the spacetime deformations on an-

other lattice of nodes [:
e(x)~p(x), & =Link,(p,). (9.19)

In some particular cases, like Friedmann solutions for homogeneous spacetime
expansions (8.2), the link function is especially simple and can be matched for
every node &, =ap, , but for generic curved manifolds, it is not the case, and we

have to use a more generic linkage (9.19).

9.3.4. Step 4—Analyzing Atomized Spacetime and Fields

Analyzing the atomic representations (9.18), (9.19), we need to acknowledge that
those fields operate on different scales; the width parameter s has a scale of
fields quanta (6.10) (like Compton length [21]), while spacetime (and graviton)
fields (8.7) operate on the scales of Planck lengths:

R L L

s=1.58x10"%m, a=1,=1616x10"m. (9.21)

Because Planck lengths are much granular, the fields lattice size s can always be
subdivided and expressed via some large number N of Planck lengths s=Na,
(N =~10" for Higgs (9.21)), and it is always possible to “upscale” the spacetime
lattice to the lattice of fields, so spacetime can “accommodate” any macroscopic
field. Furthermore, due to AF finiteness (4.13), only a limited number of
spacetime quanta would be required around a given point.

Relating atomized QFT fields and spacetime can be intuitively simply expressed

for energies, which are the integrals of AF quanta (9.16), (6.10)

Iaup( jdx &s qup[z ]dx pl,. (9.22)

Because spacetime is much granular, the field energy is representable by a suffi-

cient number of energies of spacetime quanta.

9.4. How Macroscopic Atomic Fields Curve Spacetime

This atomic model suggests the following process of how the field curves the

spacetime on the level of quanta. Appearance of a Higgs-boson or electron as a

ripple of quantum field cup (fj with energy &s creates “pressure” on spacetime
N

to curve, or, as J. Wheeler famously said [33], “tells the spacetime how to curve”.

Like for elastic fabric with Einsteinian proportionality coefficient ﬁ (9.1),
¢

the curvature/deformation is spread around the local area defined by the Link

function (9.19) derived from the Einsteinian GR field Equations (9.1)-(9.17). The

x—=1b
spacetime deformation spreads with atomic pulses pkup[ l” kJ causes the

P
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displacement of curved spacetime
i(x)z!p(x)dx:dekAString(x_—ab"j. (9.23)
a

This model provides a hint of how the nature that knows nothing about func-
tions works on the fundamental level (§12). It leads to simple, fast, and effective
rules of shifting a few neighboring spacetime atoms/strings/loops to accommo-
date the field configurations, for example, 9 atoms (4.13) to reproduce a parabola

at every point x
e K21 k 2
P [a—g}%p [X —ZJ =X . (924)

9.5. Common Mathematical Block between Quantum and
Spacetime Fields

A concise linkage between spacetime and quantum fields can be formulated by

denoting the atomic functions in (9.20) as

X X X X
upﬁeld (_) =up (_];upspacetime (l_j =up [I_J (9'25)
S S p P

Fields operate on a lattice with unique size s, while spacetime is granulated by
the Planck length /,. Both functions are derived from the same core atomic func-

tion up(x) (4.1), so we can derive the desired expression

upﬁeld (SX) = upspacetime (lpx) . (926)

AF up(x) in turn is made of two AStrings (4.8)
up(x) = AString'(x) = AString (Zx + 1) - AString(Zx - l) (9.27)

which describe flat and curved spacetime expansion (9.23), (4.9) as a translation

of AString kinks resembling “open strings” from string theory (§11):
X=-4 AString(x - 1) + AString (x) + AString(x + 1) +-

#(x)=Y, c,dstring((x—b,)/a,). (9.28)

These formulae introduce common mathematical blocks—atomic functions
up(x/s) —linking together fields and spacetime. In traditional QFT mathematics,
operating with featureless “points” obtaining this relation is hardly possible be-
cause there is no easily derivable “common block” between “dots”. As A. Einstein
mentioned [25], operating with infinite-spread functions and point “dots” can
cause the “stumbling blocks” proven hard to overcome. In the same lecture [25],
he proposed a perspective “atomic theory” based on “finite regions of space”, and
atomic functions make this theory a reality. Physicists M. Kaku [31] [43] and C.
Rovelli [26] [27] also mentioned the difficulties of finding “common blocks” be-
tween “dots” replaced by finite objects in LQG and string theories [26]-[31] [43].

Let’s preempt the key question, whether it is possible to use alternative func-

tions, for example, traditionally used in QFT and string theories Fourier series
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based on the core trigonometric function csin(ax+5), or Gaussians ce )’
as the alternative “common blocks” between GR and Quantum Theories. The
problem with those infinitely-spread functions is that with a limited number of
harmonics, they cannot represent even the simplest polynomial— f (x) =1. Dis-
cretization techniques based on splines, like ax” +bx + ¢ , are universally applica-
ble to approximate any fields, but due to limited smoothness, they are not capable
of exactly representing a polynomial of any order (§4.4). Atomic functions are
unique.

Atomic common blocks (9.25) allow enriching major “point-space” QFT and
GR theories with new kinds of atomized solutions which naturally uphold quan-
tization and finiteness of nature and avoid controversial singularities, QM wave-
functions collapse into point, infinitesimal dots, and other Einsteinian “stumbling
blocks” (§1.2). Novel interpretations of atomized spacetime and QM fields are
discussed in [1]-[9] [20], and in §8-12.

9.6. AString Quantum Gravity for Reconciling Quantum Theories
with General Relativity

Atomic String Functions provide desired “common blocks” between theories—
QFT theories include Atomic Pulses up(x) while spacetime GR theory leads to
AString (x) , the integrals of Atomic Functions, and because they are related
up (x) = AString’(x) = AString(Zx + 1) — AString (2x - 1) , the quanta of fields can
be treated as the deformations/distortions of spacetime (§9.3). In string terminol-
ogy (§11), spacetime is “made of” open strings ( 4Strings ) while fields are made
of “closed strings” up(x) (solitonic atoms (§4.5), and closed strings are just
made of two open strings connecting “matter” and “spacetime”. This leads to the

new theory of AString Quantum Gravity (AQG).

9.7. AString Quantum Gravity and QMGR Theory

In the simple, described version, AQG does not alter either GR nor QFT equa-
tions, focusing on “common finite blocks” by extending “points” into finite “re-
gions of space”, like in string and LQG theories [25]-[31]. As described in [20],
for strong gravitational fields near black holes or small scales, the QM Schrédinger
Equation (5.2) needs to account for curved coordinates while GR spacetime needs
to incorporate QM wavefunction ¥ , leading to QMGR equations [20] including
cross-terms linking QM and GR with a common Lagrangian:

2
—;—mVTV!//-FVl//-i-SQE(l//,g”V):El//, (9.29)
R, —% 2, =k(7,, +OSE,, (2,,.¥))- (9.30)
L(y.2,) = [N-2d*x(Lor (g )+ Lou (-8, ) ;L =0. (9.31)

ASF functions can be applied here as well because the “preservation of polynomi-

ality” (§5,8) guarantees that if the equations are in principle resolvable in polyno-
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mials, they can be “atomized” with the Atomic Series. In the 1D case, it is inter-
esting the appearance of gy cross-function [20] linking 1D metric function

(9.7) with QM wavefunctions in one conglomerate:
gt//(x,t):g(x)l//(x,t). (9.32)

It hints that wavefunction  acts as a “quantization factor” on top of spacetime
density, somewhat similar to what ASF functions try to do—represent a field as a
superposition of quantum-like pulses. Moreover, strong gravity should force QM
wavefunctions to collapse [20] so the quantum fields would be mostly defined by
peaks in spacetime densities described by ASF functions (9.20)-(9.26), which also
prevent singularities. Further integration of AString Quantum Gravity with QMGR

theory [20] is another interesting research direction (§13).

9.8. “Atomization” Instead of “Quantization” of Gravity

“Quantization of gravity” [41] has always been a main obstacle towards the unified
theory of fields. With electromagnetic, strong, and weak forces united in QFT
[21]-[24], complex but successful GR [33] was a distinct roadblock [26]-[28] [41].
Traditional mathematics based on infinitely spread functions and space-points
has led to the “renormalization of infinities” and other problems [8] [25]. AString
Quantum Gravity suggests the way of overcoming these “stumbling blocks” by
using finite atomic functions where both QFT and GR can be “atomized” (“atom-
ically quantized” §4.3) rather than “quantized”. It leads to the common atomic
function blocks (9.26), which provide the missing bridge between the theories
(§9.3). This atomic theory can describe quantum fields (§5-7), spacetime ($8) [1]-
[8], quantum mechanics [9] (§10), quantum gravity (§9), with the prospects of
string and unified theory (§11). Interestingly, none of these successful major the-
ories requires major modifications—we just need to acknowledge the existence of
new previously unknown atomic solutions for QFT (§6), QM, and GR fields (§8),
which introduce desired quantized finiteness and common unification blocks. For
example, gravity is already “quantized” (§8.2) with AStrings (§8.4) and gravitons
(§8.5) if we replace continuous functions with their finite representations ac-
counting for quantized Planck lengths (§8.4) missing in classical GR [33]. The
hardest unification part was not the altering theories but discovering that atomic
functions (1971) and AStrings (2018) can exactly represent the polynomials of any
order (1975) appearing in analytic solutions of all major theories (2022).

In Quantum Gravity discussions [26]-[31] [41], one frequently asked question
is “which theory is “wrong”—quantum or GR, and needs to be “fixed” for unifi-
cation”. To answer, we need to understand that traditional continuous analysis
based on infinitely spread functions and infinitesimal “dots” used in both Quan-
tum and GR theories is the good approximation of finite quantum reality (§1.2),
but dealing with approximations often leads to “stumbling blocks” [25] and miss-
ing links. Both Quantum and GR theories are very successful, but to unite them,
we need to replace the approximations with finite functions better suited to de-

scribe finite “building blocks” like strings, loops, and excitations (§1.2). Using the
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right series not only simplifies the mathematical analysis but also allows uncover-
ing hidden commonalities between theories [8]. So, none of the theories is wrong,
but they seem “incomplete” in the sense of using approximated infinitely spread
functions absent in localized nature. Traditional continuous GR, QFT, and QM
theories still can be improved to include finiteness, and right finite functions can
help with that.

It is tempting to acknowledge again the genius of A. Einstein, who, apart from
his major revolutionary theories, also predicted “atomic theory” in a relatively un-
noticed 1933 lecture [25]. Building the theory took 90 years, from Atomic Func-
tions (1971) to AStrings (2018), Atomic Spacetime (2022), Atomic Quantum Me-
chanics (2024), and now AString Quantum Gravity and AString theories.

9.9. Questions from “Unresolved Problems in Physics”

For decades, Quantum Gravity was included in the list of unresolved problems
with the following sequence of questions [41]. Let’s provide the short answers
based on the AString Quantum Gravity theory (§9), Atomic Quantum Fields (§5-
7), Atomic Spacetime (§8, [1]-[8]), Quantum Gravity [20], and Atomic Quantum
Mechanics [9] theories evolving for 8 years.

1) Can quantum mechanics and general relativity be realized as a fully con-
sistent theory (perhaps as a quantum field theory)?

Yes. Theorem-based reformulation of those theories with Atomic String Func-
tions [1]-[20] introduces quantum finiteness and allows composition of continu-
ous fields from finite smooth “solitonic atoms”. Atomic Quantum field theory
(§5-7) matches “solitonic atoms” to quanta of fundamental QFT fields with known
energies and treats them as atomic spacetime distortions (§9). “Atomic theory”
was envisaged by A. Einstein in 1933 [25].

2) Is spacetime fundamentally continuous or discrete?

Both. Spacetime is continuous but composed of finite (but not discrete) smooth
overlapping atoms described by ASF functions (§8). Discretization involves un-
wanted approximation, which does not provide smoothness, while “atomization”
provides a “hybrid” model uniting continuity with finiteness (§5-9).

3) Would a consistent theory involve a force mediated by a hypothetical gravi-
ton, or be a product of a discrete structure of spacetime itself (as in loop quantum
gravity)?

Both. Atomic theory provides “advanced lattice discretization”—smooth “at-
omization”—of fields composed from finite atoms which can be matched to
spacetime gravitons (§8.5) [1] [3]-[8]. LQG [26] [27] is also based on the discreti-
zation and quantization of spacetime, but without ASF functions, with the inter-
esting integration opportunity. AQG theory can be a hybrid between string and
LQG theories (§11, 13).

4) Are there deviations from the predictions of general relativity at very small
or very large scales or in other extreme circumstances that flow from a quantum

gravity mechanism?
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Yes. Atomic Spacetime theory, based on atomic functions, introduces the
Planck length constant absent in classical GR (§8, 9). GR is based on infinite-
spread functions and point-in-space concepts, which A. Einstein objected in 1933
as “stumbling blocks” in lecture [25] where he proposed the solution—“atomic
theory”. Introducing finiteness (§8,9) should eliminate the GR infinities due to
the quantum mechanism at very small scales [20], and should alter the quantum
mechanical wavefunctions near black holes [20].

Whether AString Quantum Gravity fully resolves the quest of Quantum Gravity
is the open question to physicists and string theorists. It certainly describes the
Standard Model particles quanta (§6, 7) and provides the “common mathematical
blocks” for unification of “atomized fields” with “atomized spacetime” (§8, 9, 10)
and linkages to string and LQG theories (§11). Coming from a mathematical
school with 55 years of AFs history ($2, 3), we hope that the theory would attract
the attention of theoretical physicists for further validation and collaboration.

Extending the questions, it is tempting to answer the following question. Why
has the atomic quantum gravity theory not been developed earlier? The prospec-
tive “atomic theory” was envisaged by A. Einstein in 1933 [25], but in the absence
of proper mathematical apparatus, the opportunity seems to have gone unnoticed.
While the theory of atomic functions [1]-[20] has been evolving since the 1970s
with a hundred publications, it was relatively unknown due to language and other
barriers (§3). Systematic expansion of atomic functions into fundamental theories
only started in 2017. Hope the theory would attract the attention of physicists and
string theorists, with opportunities to contribute to the new variants of QFT (§8),
quantum gravity (§9, 10), and string theory (§11).

10. Atomic Quantum Theory and Quantum Mechanics

AString Quantum Gravity (§9) shows the way how QFT and GR spacetime theo-
ries can be united based on common blocks of atomic functions. Now, let’s elab-
orate on how the theory is related to Quantum Mechanics (QM). For this, we need
to reevaluate the QM foundations in the 1920s.

10.1. The History of Quantization Rules

QM originated in the 1920s from M. Planck’s idea (1900) that field energies should
be quantized—come in discrete integer m levels of increments AE :

E = E,+mAE. (10.1)

The first Bohr-Sommerfeld model (1920) postulated that the energy of a rotating
electron with momentum p and position x in a hydrogen atom should be

quantized with the levels m =0,1,2,--- of the Planck constant:
E = [ pdx=mb. (10.2)
Einstein won the Nobel prize (1921) for the explanation of the photoelectric effect

when an atom emits the light of frequency v when an electron jumps from one

orbit to another with energy increment AE =7hv . W. Heisenberg (1925) pro-
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posed a more advanced model [21] by representing momentum p and position
x via a Fourier series, which yielded not only the quantization rule mAE but
also the ground-state energy E, in (10.1). In 1926, E. Schrédinger used the ge-
neric wave representation P and published his Equation (5.2) [21] [24]
where the discrete energy levels appear as eigenvalues of the boundary value prob-
lem [24] for the probabilistic wavefunction y . Finally, those ideas have been gen-
eralised into the concepts of the quantum harmonic oscillator [24] where the dis-

crete energy levels are “equally spaced”:

m

E :(m+%jha):E:E0+mAE. (10.3)

10.2. Einsteinian Perspective “Atomic Theory”

Interestingly, in 1933 lecture [25], A. Einstein, being deeply unsettled in his fa-
mous debates with N. Bohr about the probabilistic nature of QM (“7he god does

< » «

perfectly thinkable

»

not play dice”), proposed the perspective ° atomic theor,
where “finite regions of space where the charge vanishes everywhere” have discrete
integer energy levels. This A. Einstein’s note resonates well with the theory of
Atomic Functions, solidified 50 years later, but started being applied to Spacetime,
QM, and QFT theories only since 2018 [1]-[9]. Really, “finite regions of space” is

strikingly similar to a finite Atomic Quantum pulse model (6.10) with energy:
E= Isup" (ﬂ] d'x=¢gs". (10.4)
s

The Einstein-inspired goal is to quantize this energy with discrete levels
E, =E,+mAE , which can be achieved in two ways described below—in the
standard QM way, or in the “atomic theory” way.

In the traditional QM and QFT way [21] [24], the finite quantum region of
space (10.4) collapses into the “point”, the quantum size parameter s isignored,

atomic function up, [&j collapses into a delta-function, and energy density
s

&(x,) function becomes energy E(x,). It locks the problem in the domains of

mathematics with infinitely spread functions like ¢'”)

where the main quan-
tization opportunity is to use Schrodinger (5.2), or generally Dirac QFT equations

(5.4). In this case, we need to operate with traditional wavefunction formulation

(§6.3) with Atomic Wavefunction (6.4) wup (x—_bj ([9], Eremenko, 2024). It
s

works for QM and generally QFT, but hides the problem of integrating the quan-
tum theories with General Relativity.

10.3. Quantization Based on Einsteinian “Atomic Theory”

Let’s now elaborate on the second Einsteinian-inspired “atomic way” of quantiza-
tion for Atomic Quantum (10.9). Here, we should note that using finite functions
and objects like strings introduces a new parameter—the size/volume V =s" of

a quantum (like Planck length or Compton length). In string theories [29]-[31],
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this parameter would be the size of a vibrating string for a given field, while in
LQG [26]-[28], it is the size of a fundamental loop. The energy E =s"¢ becomes
the product of two parameters—volume J =s" and energy density &. It cre-
ates an interesting new option for the quantization of energy E with some dis-
cretelevels E,,---,E, which can be attributed to the quantization of volumes V;,

densities ¢;, or both
E =Ve, E =Ve,, E =Ve¢,. (10.5)

The quantization of sizes/volumes V, is much easier to understand than the
quantization of energy E, =V,¢, because the volumes follow the obvious law of
addition V' =V +V,+---. We just need to hypothesize that nature’s fields and
spacetime are built from the finite “building blocks” like strings or loops, and this
underlying finiteness inevitably causes the discrete levels of energy quanta. It
looks like some exclusion principle (like the Pauli exclusion principle [21] [24])
prevents quanta (photons, bosons) from stacking up on top of each other, so
spacetime at a given point can host only one quantum packet. A second photon
trying to occupy the same space would force the first photon to move out, creating
movements of matter. Having an extra size parameter in the energy definition
E =¢gs" allows us to shift the problem of energy quantization to a much easier
problem of size/geometry/spacetime quantization, like in Loop Quantum Gravity
[26]-[28]. This simplifies the QM concepts built upon point functions, where this
opportunity is much harder to realise. Let’s demonstrate how atomic quantum

theory upholds the quantization idea.

10.4. Examples of Atomic Energy Quantization

Let us consider a uniform, for example, Higgs field (§5.6), with energy level £ =
126 GeV/& and quantum size s=1.58x10""* m . With atomic functions (§6.4), it
can be decomposed into the sequence of m identical Atomic Quanta (6.10) with
the same energy density & located at points x=---,-2s,-1s5,0,1s,2s,--- (Fig-
ure 2, Figure 10):

x—2s xX—s X x+s x+2s
g=--+eup . +eup . +eup ; +eup T +eup . +

(10.6)

For 1D Atomic Quanta (6.10) and properties (4.5) of AF, the total energy (in-
tegral) E of this field would be

E =mAE =mse; AE = ¢s, (10.7)

and coming in discrete portions, exactly like for Bohr-Heisenberg quantization
rules (10.1)-(10.3). This energy can be “quantized” independently of energy den-
sity ¢ and attributed to the quantization of size ms=s+s+---+s.

A similar “geometric” idea was postulated by A. Einstein for quantized energy
of photons E=#hv [21] emitted by electrons jumping from one equidistant
atom orbit to another, shifting the problem to the geometrical radial quantization

of orbits.
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Figure 10. (a) Partition of a constant field with Atomic Functions; (b) Representation of
flat surface via summation of 2D Atomic Functions

While introducing quantum wave-particle dualities, L. de Broglie [24] also as-
sumed that many wavelengths should exactly “fit” the electron orbits radius
(§10.4), so “size” information was explicitly accounted for in classical QM.

Another example is the classical quantum model of the hydrogen atom [21],
[24] leading to the Rydberg formula for atomic orbits, where the approximate ex-

pectation value of the electron radius of » orbital is

r,=an’, (10.8)
where a, = 0.529A is a Bohr radius. The orbital radii sequence is la,, 4q,,
9a,, 16a, exactly matchesthe 2D Atomic Quanta model (6.10) with simple dis-

crete rule 1s*,2s%,3s%,4s> for sizes/areas. It looks like many, if not all, QM en-

ergy quantization cases are related to the quantization of some sizes/areas/vol-
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umes. LQG [26] [27] also relates quantization of fields to the discretization of
spacetime.

In summary, Atomic QFT and ASring Quantum Gravity theories, with explicit
inclusion of finite sizes in Atomic Series and Atomic Quanta definitions (10.4) not
only uphold, but also simplify some QM concepts. No wonder that A. Einstein in
1933 [25] proposed “atomic theory” as the way of resolving the “quantum-riddle”.

10.5. Atomic Quantum Mechanics (2024)

Atomic Quantum Mechanics based on atomic functions was described in detail
in [9]. It represents QM probability fields as a series of interacting, overlapped

Atomic Wavefunctions (6.4)
- b
v(3) =S 2 (10.9)
s

The theory offers the resolution of the “boundary wavefunction discontinuity”

problem [40] and introduces desired quantum finiteness to integrate with Quan-
tum Gravity theories [20]. In summary, we can see that the Atomic QFT theory
(§6) not only upholds the quantization origins of QM, but also makes some inter-
pretations easier. In QM and QFT theories based on continuous mathematics with
infinitely-spread functions, the useful concept of size s is abstracted out to the
space point s=0, so the only option to quantize energy was to invent Schro-
dinger-Dirac-QFT equations [21] [24]. It does not mean those theories are incor-
rect, but they introduced another level of complexity, sometimes leading to Ein-
steinian “stumbling blocks” [25] (§1) for resolving problems of Quantum Gravity
(89) (infinite series, boundary wave-functions discontinuity problem [9] [40],
“renormalisation of gravity” [21]). QM Schrodinger equation expressing the en-
ergy conservation law E =K 4V is physically correct, but is based on the infi-
nitely spread function y(x,7)= ™) which not only creates “boundary prob-
lem” [9] [40] but also enforces the linearity of differential equations, making it
hard to integrate with nonlinear GR for the unified problem of Quantum Gravity.
Atomic theory offers the way to remove some of these “stumbling blocks” with
the approach consistent with QM, where the complex problem of energy quanti-

zation is shifted to an easier problem of quantization of sizes/geometry/spacetime.

11. The Prospects of Atomic String (AString) Theory

Atomic Quantum Field Theory (§6), Atomic Spacetime (§8), and AString Quan-
tum Gravity (§9) theories are built upon the universality of Atomic String Func-
tions (ASF) to compose different fields from the same “building blocks”. It natu-
rally leads to the prospects of a new variant of string theory—AString theory first
envisaged in 2020 [1]-[5], with more details in [8]. The AString theory is based on
the following foundations.

11.1. The Mathematical Foundations

First, it is the universality of polynomials and Taylor power series to represent any
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analytic functions, vectors, and tensors in many dimensions:

(n)
y(x,,)z :ozoy nfo)x"z * B x" (11.1)

i n=0""n""i

Second, V.L. Rvachev and V.A. Rvachev (1967-1975) have discovered that a fi-
nite atomic function (AF) up(x) pulse (4.1)

up'(x)=2up(2x+1)—2up(2x—1) (11.2)

can exactly represent the polynomials of anyorder n with /imited N number

of finite pulses around point x (4.13):

P,(x)= ’;_”chup(x‘a“bkj; X=X T Cup(x—k2"). (113)

So, what we (and nature) know as polynomials are just the overlapping superpo-
sition of some finite functions resembling quanta (§6).

Third, it was discovered ([1]-[3], Eremenko, 2020) that differential operators in
major physical theories, including GR, QM, QFT, preserve polynomiality (§5,8)
and, being applied to polynomial operands, produce other sets of polynomials al-
lowing “in-principle” to resolve all equations in polynomials or their sums (ana-
lytic functions [32]) representable by finite ASF functions (11.3). So, polynomials
are just made of “mathematical atoms”, as atomic functions (11.2) were often
called in the 1970s.

Fourth, it was discovered [1]-[9] (Eremenko, 2018) that AF up(x) isa “soli-
tonic atom” (Atomic Soliton [4]) made of two AString kink functions (§4.2),
which are also the integrals of up(x):

up(x) = AString(Zx + 1) - AString(Zx - 1) = AString’(x) . (11.4)
In translation, AStrings compose what we know as a dimension x in flat (4.9)
xzzksAString(x—ks) (11.5)

or curved spacetime ($§8)

a

izszkAString(x_b" j (11.6)

In combination, the theory led to the Atomic Series (§4.3, §5) [1]-[6] (2022) as
universal as Taylor and Fourier series, but based on finite functions resembling
quanta and strings when continuous analytic functions can be decomposed into a

superposition of ASF functions on some lattice:
y(x) = Zlup(x,a,,b,,cl ) = ZkAString(x,ak,bk,ck ) (11.7)

The Atomic Series can be universally applied to linear and nonlinear physical the-
ories, including GR, QFT, and QM, leading to the AString theory.

11.2. From “Mathematical Atoms” to Atomic Quanta and Vibrating
Strings

In application to QFT theories (§5-7), the Atomic Series allows decomposing con-
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tinuous energy density fields (6.8)
g(x,x,) =D &upy, (x,/5) (11.8)

into Atomic Quanta of energy (6.10)
E ZIAQuant(x)d"xzjsupn (x—"jd"ngs" (11.9)
s

which can be matched to the experimental values of particles from the Standard
Model (Table 1, §6) (eq s=1.58x10""m, E=125GeV, &=5.1x10"J/m’
for the Higgs boson).

Using the energy-frequency relationship E =7v , it is possible (§6.9) to refor-
mulate these energy density distributions in terms of frequencies of “vibrating

strings”

E:.fsupn(ﬁjd"ngs" =hviv=gs"/h. (11.10)
s
This establishes the direct link to string theories [29]-[31].

11.3. Fields as Atomic Distortions of Spacetime
Atomic Quanta (11.9) as “building blocks” of fields made of finite AF pulses

eup, (x—”j can be linked to spacetime deformations using GR field equations
s
(§9), the fundamental ASF theory relation (11.4)

up(x)= AString (2x+1)— AString (2x —1) = AString'(x), (11.11)
and the ability of AStrings to compose curved spacetime (11.6)

)chzkckASlring(x_—abk]. (11.12)
a

This allows formulating the AString Quantum Gravity (§9), establishing the
“common finite blocks” between GR with Quantum Theories in line with the
foundations of string theories [29]-[31] in the 1980s.

11.4. From Atomic Quanta to Open and Closed Solitonic Strings

Atomic Quanta (11.6) described by AF pulses look like enclosed “atoms” resem-
bling “closed strings” from string theory [29]-[31]. Really, pulse up(x) (11.4) is
a “solitonic atom” (§4.2) (Figure 11(a), Figure 11(b)) made of two opposite AS-
trings up(x)= AString(2x+1)— AString(2x—1). But if AStrings are pointing in

one direction, they compose the spacetime expansion (Figure 11(c))

x=---+ AString (x —2s) + AString (x —s) + AString (x) (11.13)
+AString(x+s)+AString(x+2s)+---. '

So, the same AString function can create either an enclosed solitonic object
(closed string) or expand into spacetime as the open string, stinkingly similar to
string theories [28]-[31].
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Figure 11. (a) AString function as “open string”; (b) Atomic function (“closed string”) as
a combination of two open AStrings; (c) Spacetime as an expansion of AStrings.
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11.5. AStrings and Loop Quantum Gravity

Atomic Functions can also describe loops (§7.6) presumed to be the building
blocks of spacetime in LQG theory [26]-[28]. Radial AF (4.6) (Figure 1, Figure 6)
is defined on the spherical area resembling a quantized loop, while 1D AF (Figure
11(b)) describes the 1D cross-section of loops with size s assumed to be the
Planck length in LQG:

up(r,c,s)zcup(\/x2 +y*+2° /s),

up(x,c,s)=cup(x/s).

(11.14)

In this interpretation, atomic distributions (11.8) describe the overlapping in-
terconnections between loops. Apart from the new model of “atomic loops”, AS-
tring theory may suggest the link between string and LQG theories as major con-
tenders for Quantum Gravity [41]. Really, the enclosed up(x) “loops” (11.4)
also describing the fundamental particles-excitations of fields and spacetime
(§6,7,8) can be interpreted as “solitonic atoms” composed of two open AStrings
(§11.4) creating the research opportunity for converging finite strings and loops

into one “atomic theory” envisaged by A. Einstein [25] in 1933 (§1, 8, 9).

11.6. AStrings Described by Solitonic Atomic Functions

In this prospective AString theory, the strings are described by a non-analytic core
functions up(x),AString(x) while in string theories [29]-[31] known for their
complexity, it seems like the sinusoidal vibrations csin(ax+5b) in up to 11 di-
mensions [28]-[31]. This raises the key question for future research, which core
function is “better” and “used by Nature” [8]. With a limited number of pulses,
Atomic Functions can exactly and simply compose polynomials of any order
(11.2), while a few sine harmonics cannot compose even the simplest constant.
The AString theory points to some solitonic “building block” of nature consisting
of two opposite AString kinks (11.4) held by some forces (perhaps, entanglement).
The principle of smooth least action described in [8] may be the guiding principle
leading to the formation of an infinitely smooth local distribution of fields leading
to atomic functions. While the expansion of the theory towards the modern string
theories [29]-[31] requires further collaborative research, let’s note that AString
theory leads to simple models of GR, QFT, and QM fields, with the hope that
Atomic Functions can help to simplify complex string theories.

In the 1933 paper [25], where A. Einstein envisaged the “perfectly thinkable”
“atomic theory”, he wrote. “ The important point for us to observe is that all these
constructions and the laws connecting them can be arrived at by the principle of
looking for the mathematically simplest concepts and the link between them. In
the limited number of the mathematically existent simple field types, and the sim-
ple equations possible between them, lies the theorists hope of grasping the real
in all its depth.” The proposed atomic theory seems to follow A. Einstein dreams

of simplicity and universality.
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12. The Simple Model of Nature’s Fields

Atomic functions, as the mathematical foundations of atomic theories described
in this work, provide an interesting insight into the simple rules of how nature can
operate on the fundamental level of quanta/strings/qubits/atoms [1] [8]. For ex-

ample, from the atomized representation of a parabola

v K21 k 2
k__}\/[a—%jup(x—zjsx , (12.1)

we can see that the shape of a parabola is defined in inferaction zones between
equally spaced overlapping atoms (Figures 1-4), and incoming energy is distrib-
uted between neighboring atoms. It looks like all smooth fields, trajectories,
shapes, orbits, and movements in nature can be envisaged as simple interactions
of a few atoms/quanta/strings within a local finite atomic network, pointing to the
elegant simplicity of nature on all micro- and macroscopic levels, as described in
detail in [1] [8] [34]. LQG also leads to similar spinfoam networks [26] [27]. It
also correlates with G. 't Hooft [38] “cellular automata” rules, with opportunities

for further research on the common theory.

13. Summary and Future Research Directions

13.1. Summary of Findings

1) Finite Atomic (1971) and AString (2018) Functions (ASF) ($4) exactly com-
pose the polynomials of any order (1975) from a /imited number of finite “soli-
tonic atoms” (2018). It leads to Atomization Theorems and Atomic Series (2022)
as an extension of universal Taylor series to represent a wide range of analytic
functions and solutions of differential equations via superpositions of finite func-
tions (§4, 5).

2) In application to fundamental GR, QM, and QFT theories (2018-2026), ASF
theory allows decomposing continuous fields via superposition of finite objects
resembling quanta, strings, loops, solitons, excitations, and ripples.

3) In 1933, A. Einstein [25] envisaged “perfectly thinkable’ “atomic theory”
with “finite regions of space” similar to Atomic Functions (2022) to overcome
“stumbling blocks” for theories’ unification (§1, 6, 9).

4) In application to GR (2018-2024), Atomic Spacetime theory offers a new way
of quantizing/atomizing the spacetime field, leading to the “atomic graviton”
model and spacetime composed of open AStrings (§8, 9, 11).

5) For QFT, finite Atomic Functions can be deduced from QFT gauge theories
(§85), which allows introducing new Atomic Quanta of the Standard Model of

fields (§6,7) with energies matching the experiments with the core formula
E= jAQuant(xl,---,xn )d"x = Iaupn (ﬂjd"x =gs". (13.1)
s

which introduces ASF functions into QFT theories. Fields differ by the atomic

quanta sizes included in the definitions of energy. ASF can also describe QFT
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wavefunctions.

6) Unified description of quantum and spacetime fields allows uncovering the
“common blocks”—atomic functions—contributing to the long-standing prob-
lem of reconciliation of GR with Quantum Theories based on AString Quantum
Gravity (§9). Quantum fields are the distortions of spacetime described by the
same underlying finite functions.

7) Fields atomization with ASF functions upholds the quantisation rules of QM
(§10), leading to Atomic Quantum Mechanics ([9], 2024).

8) Universality of Atomic Series and unified fields composition from finite
functions open the prospects of a new variant of string theory—AString theory—
with spacetime made of “open strings” while “matter” fields are composed of
“closed strings” (§11). Radial atomic functions can also describe loops from LQG
theory, with the prospects of some convergence of LQG and AString theory.

9) On the quantum level, nature follows the simple rules of a local atomic net-

work (2021), for example, the interaction of 9 atoms composes a parabola (§12).

13.2. Future Research Direction

Coming from a mathematical school, we seek the validation of the proposed
atomic theories by physicists and string theorists. Atomic Functions may not only
simplify but also unify the fundamental theories that require the collaboration of
many scientists.

The main open question is to what degree the uncovered common Atomic
Functions blocks between “atomized” GR and QFT theories can contribute to the
resolution of the long-standing problem of Quantum Gravity.

The Atomic Series has the potential to become as universal as Taylor and Fou-
rier Series. They operate with finite functions naturally linked to quantization and
finite string-like theories.

Relationships with string and quantum gravity theories are the most important
directions for future collaborative research. Especially interesting whether AS-
trings would provide a new description of strings, simplifying the complex string
theories and possibly avoiding many controversial dimensions.

Describing loops with atomic functions can not only contribute to Loop Quan-
tum Gravity but also provide the linkage to string theories.

Integrating AString Quantum Gravity with QMGR theory [20] is an interesting
research direction that may resolve the GR singularity problem.

Universality of finite atomic functions to describe different fields may be the

foundation of unified “theories of everything”.

13.3. Afterword

In final words, it all comes down to appreciating the beauty and elegant simplicity
of nature that knows nothing about functions and Lagrangians, yet operates
through simple and efficient rules of local Atomic Networks. Every move, shape,

configuration, orbit, and trajectory we observe is just an interaction of a few soli-
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tonic atoms, which reflects the beautiful simplicity of nature. It correlates perfectly
with A. Einstein [25] “I have deep faith that the principle of the universe will be
beautiful and simple”. Uncovering this beauty with atomic functions was a chal-

lenging but happy moment in life.
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