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The development of accelerator technology for new physical measurements is considered. The viability of
the Standard Model in elementary particle physics has been confirmed thanks to the modern experimen-
tal measurements and problems that are not solved by this model are considered. Historical development
of physical science from classical physics to the modern theory of D-branes and superstrings is presented.
In parallel, the development of mathematical science from the geometry of Euclid to algebraic geometry and
the theory of derived categories was studied. Within the framework of modern physics and mathematics, new
theories are presented that solve the problems of the Standard Model.
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ntroduction. The current development of

science is connected with experimental
achievements|[1], that is, with the construction of new
accelerators, and with the needs of new theoretical
physics beyond the Standard Model (SM) [2].
The construction of the Large Hadron Collider (LHC)
[3], on which it is planned to increase luminosity and
energy (Fig. 1), as well as the planned construction
of the International Linear Collider with energy
of 500 GeV [4], other experimental constructions,
is a vivid demonstration of the development of
modern accelerating technology for the needs of
the discovery of new particles beyond the SM [5].
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Fig. 1. Changes in the luminosity at the LHC

On the other hand, the problems of the SM
inability to explain the dark matter, the problem
of the hierarchy of interaction, the problem of
the lack of clarity of the Higgs boson properties,
and many other SM problems lead to the need for
an experimental confirmation of new theoretical
models beyond the SM theory: theory of D-branes
and superstrings, supersymmetry, quantum gra-
vity and so on [6]. Therefore, in order to find out
further guidelines in physics, it is necessary to
look at the situation from the side to understand
the theoretical achievements for the further pro-
ductive development of science.

Our article is devoted to the review of the de-
velopment of modern physics from mathematical
achievements to modern physical theories, caus-
es and fundamental positions of modern theories,
which can solve problems of Standard Model.

Development of mathematics and physics.
If you look at the history of the development of
mathematics and physics, then mathematics be-
gan its development much earlier. Algebraic ge-
ometry began its development from the geometry
of Euclidean, which appeared about 300 years BC.
Then, in 1637 year appeared analytical geometry,
in the 18th century — complex algebra, in the 19th
century — tensor calculus, in the early 20th centu-
ry — differential forms. The modern mathematical
structure is shown in Fig. 2.

Accordingly, in physics, the founder of
classical mechanics was Galileo Galilei (early
17th century). Then classical mechanics passed
the stages of theoretical mechanics (Euler, La-
grange, d'Alembert, Hamilton) in the 18th and
19th centuries. The mathematical apparatus of
classical mechanics is the differential and inte-
gral calculus developed by Newton and Leibniz
(17th-18th centuries). Classical mechanics has
undergone several stages in its development,
connected both with changes in sizes and with
changes in speed, Fig. 3.
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Fig. 3. Stages of the development
of classical mechanics

Classical mechanics has somewhat in common
with Maxwell's theory of electrodynamics (it was
developed in 1862 y.), and relativistic mechanics is
connected with the theory of relativity of Einstein
(1915 y.). Quantum mechanics is described by the
Schrodinger equation (1922—-1929 y.), and quantum
field theory was proposed by Yang and Mills (1954 y.)
to describe elementary particles. Gell-Man classified
elementary particles through group theory (1958 y.),
and S. Weinberg, S. Gleeshaw and A. Salam pro-
posed a unified theory of electroweak interaction of
quarks and leptons (1968 y.). Thus, there is a gradual
transition from large to small dimensions in physics
and, accordingly, the transition to a new mathemat-
ical theory from ordinary equations to differential
and integral, and then to the theory of groups. Thus,
the SM was generally completed, and its main dis-
coveries are as follows, Table 1.

Table 1
Steps for the discovery of SM particles

1897 y. electron

1911 y. nucleus

1930 y. neutrino

1932 y. neutron

1969 y. quark

1983 y. W, Z bosons

2012 y. Higgs boson

1. Modern theoretical high-energy physics
SM model problems:
hierarchy of interactions
dark matter and dark energy
radiative corrections to the
the Higgs boson
CP asymmetry
neutrino mass
led to the need of searches for new theories in
high-energy physics. Modern high-energy phys-
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ics is associated with the transition to very high
energies (up to 14 TeV) and, accordingly, to small
distances, up to 10-17 cm. The theory associated
with such distances is the theory of D-brane and
Superstrings (Green, Schwarz, Ramon, Nambu) [7],
and the mathematical apparatus of such a theory is
algebraic geometry and topological algebra, which
uses the theory of derived categories. Analytical
mechanics, based on the formulation of classical
mechanics in the form of Lagrangian and Hamil-
tonian mechanics, can no longer be applied here,
since we are dealing with very complex nonlinear
equations that can not be solved by ordinary means.
Symmetries acquire great importance in theoretical
physics of high energies, including conformal sym-
metries, which are also associated with the searches
for possible theories of quantum gravity for unifi-
cation of all interactions: strong, electroweak and
gravitational. In a 1997 article, which is now one of
the most frequently cited in the history of phys-
ics, the theorist, Juan Maldasena, demonstrated
mathematical equivalence between the conformal
field theory and the gravitational space-time envi-
ronment, with one additional spatial dimension [8].
Maldasena duality, the so-called AdS/CFT, binds
the conformal field theory to the corresponding
"anti-de Sitter space", which is connected with hol-
ogram. In AdS space there is a geometry different
from the geometry of space-time in our universe,
but the gravity works in AdS space as well as in
our world. And since existing theories are not used
in the middle of black holes (the paradox associated
with the preservation of quantum information of
the black hole), the solution of this paradox requires
from physicists to find the quantum theory of grav-
ity, from which the space — time picture arises at
low energies, for example, outside of black holes.
AdS/CFT provides a working example of quan-
tum gravity, where everything is clearly defined.
The hope lies in the fact that, based on the ge-
ometric structure, physicists will get a better idea
of our Universe. Well-known physicist O. Polyakov,
inspired by recent discoveries about the geometry
of space, said: "There are many miracles — and,
probably, we will find out why."

In the theory of strings, the graviton, as well
as electrons, photons and other particles, are
not pointy, but invisible tiny bands of energy or
"strings" that vibrate differently. The interest to
the string theory took off in the mid-1980s, when
physicists realized that it gave a mathematically
consistent description of quantum gravity. But five
known versions of the theory of strings were "per-
turbative", that is, they broke in some regimes. Lat-
er, in 1995 y., physicist Edward Witten discovered
a unified theory of all the theories of strings [9]. He
found various indications that the theory of pertur-
bative strings is united into a nonperturbative the-
ory, which he called M-theory. Another explosion
occurred two years after 1995 y. Physicist Juan
Maldasena discovered AdS/CFT correspondence,
which gives a complete definition of the M-theory
for the spase-time geometries in AdS. This duality
forces spase-time geometries in AdS to flex differ-
ently than our Universe. The 16,000 articles quoted
by Maldasena over the past 20 years are mainly
aimed at fulfilling of these calculations in order to
understand AdS/CFT and quantum gravity.
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Conclusions. We live in an interesting time of
new discoveries, accompanied by new powerful ex-
perimental installations and new theories such as
Theory of Everything. Of course, new discoveries
are just around the corner. At the LHC accelera-
tor, both technological improvements and experi-
mental measurements related to the search for new
physics beyond the Standard Model are constantly
being carried out: the searches for Kaluza-Klein

partners, microscopic black holes, superparticles,
the extended Higgs boson sector, etc. Indirect or in-
complete experimental data on the B meson decays,
the top-quark interaction with the Higgs boson, the
properties of the Higgs boson indicate the presence
of deviations from the SM. "Ask — and they will
give you, seek — and find, knock — and you will be
opened,” is written in the Holy Gospel of Matthew.
We are on the threshold of great discoveries.
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Oo6ixox T.B.

Incturyr anepuux pocaimsxenb HanionanbHoi akamemii Hayk YKpainm

ICTOPVYHI ACIIEKTV PO3BUTKY ®IZNKN BUCOKUX EHEPTIN

Amnorarisa

Po3ryianyTo po3BUTOK TPUCKOPIOBAJJIBHOI TEXHIKY 33118 HOBUX (PIBMYHMX BUMipIOBaHb. IlinTBEpIsKEHO sKUT-
tesnatHicTe Cranmapraoi Mogesi B isuili ereMeHTapHUX YAaCTMHOK 3aBJAKM CYYaCHUM €KCIIePVMeHTaJlb-
HJM BMUMipaM i po3riaHyTo npodiemy, AKi He BUPINIYyIOTbCA i€ MoAeJIo. HaBeeHo icTOpMYHNIT PO3SBUTOK
¢isnunoi HayKM Bif KIacu4HOI isuku 10 cydacHoi Teopii D-6pan i cynepcrpys. [lapasiesnbHO BUBYaBCA PO3-
BUTOK MaTeMaTMU4YHOI Hayku Bin reomertpii EBkiima no anrebpmunoi reomerpii i Teopii moxinHmx KaTeropii.
B pamrax cydacHux (pisuko-mMaTeMaTUYHUX OCATHEHb HABOJATLCA HOBiI Teopii, AKi Bupimlyiors mnmpobiemu
Cragpapraoi Mogeui.

KurouoBi cioBa: nmprckoproBasibHa TexHika, Cranmapraa Mogesb, isnka eseMeHTapHMUX YaCTHHOK, PO3BU-
TOK pidmuHOI i MaTemMaTn4uHOI Hayku, Teopia D-OpaH i cynepcTpyH.

Oobuxopn T.B.

MHCTI/ITyT AOEPHBIX yccJieJOBaHMI HaLU/IOHaJ'II:HOI‘/'I axrageMmmmn y}{paMHbI

VICTOPTYECKHNE ACHEKTHI PA3BUTUA ®V3NKV BEICOKNX 9HEPTUIN

An"oTanus

Paccmorpeno pa3BuTie yCKOPUTEIBHOM TEXHUKM JIJIA HOBBIX (PU3NYecKNx naMepenuii. [logreepsxieHa sKmus-
HecriocobHocTb CranmaptHoit Monenn B pusnke sjieMeHTapPHBIX YaCTHUIl OJIarofaps COBPEMEHHBIM KCIEPU-
MEHTaJIbHBIM M3MEPEeHUAM ¥ PacCMOTPEHbI IIPOOJIEMBI, KOTOPble He PEeNIalTCsA 3TO MoAeJsbio. IlpuBeneHO
JMCTOpMYECKOe Pas3BUTME (PUBMUECKON HayKM OT KJAcCUYeCKOoy (PM3MKM JO0 COBpeMeHHOI Teopum D-Opan
u cynepcTpyH. IlapasienbHo n3ydasioch pa3BUTHE MaTeMaTUYeCcKol HayKM OT reomerpmy EBKJmna K ajre-
OpandecKkoil reoMeTpuUM ¥ TeOPUM MPOM3BONHBIX KaTeropmit. B paMKax cOBpeMeHHBIX (PU3MKO-MaTeMaTyude-
CKUX JOCTVI3KEHIII IIPUBOAATCA HOBbIE TeOpUM, KOTOpPbIe pelIaioT podsaemMbl CTaHIaPTHON MOIEIN.
Ruarouesble ciioBa: yckopuresbHad TexHuka, CranmaprtHas Mopenb, usmkra sJeMeHTapPHBIX YaCTUI], Pas-
BUTME (PM3NUECKOI M MaTeMaTUIeCKOll HayKy, Teopusd D-OpaH u cynmepcTpyH.
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