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Summary. The evolution of ideas about the Universe from ancient times to the present is considered.
Attention is paid to the current situation in high energy physics. The discovery of the acceleration of
the Universe has changed our ideas about vacuum energy: it is necessary to understand why it is small.
Recent cosmological observations have shown that the Universe is flat or almost flat, and has confirmed
many other predictions of inflation theory. The latest data on our Universe are considered and the ques-
tion of the early stage of the Universe evolution is raised. Particular attention is paid to the theoretical
ideas about new physics beyond the Standard Model: extention of the Standard Model symmetry group,
increasing the space-time dimension, adding new scalar supersymmetric particles. The inclusion of these
directions in a unified theory — string and D-brane theory leads to the possibility of solving the problem
of vacuum stability and the problem of the hierarchy of interactions. Within this theory it is possible
to solve the issue of dark matter, and to include the gravity for construction a unified theory of all four
interactions — supergravity or M-theory. There are different dualities between string theories within the
framework of M-theory. An example of this duality is the AdS/CFT correspondence, which implies that a
number of characteristics of the theory can be described both within the framework of four-dimensional
field theory and gravity in a five-dimensional de Sitter space. In the framework of the inflationary model,
M-theory and supersymmetry, the mechanism of transition between spaces of different configurations
from false to true vacuum due to the quantum excitation of the Higgs field are considered. The solution to
the problem of experimental confirmation of theories of grand unification is the ability to combine physics
at submillimeter ranges and distances of the size of the Universe, since cosmological observations of the
properties of relict radiation lead to conclusions about the expediency of theories beyond the SM. SM's
successes and efforts which aimed at testing it as well as the search for new physics, both at the LHC
accelerators and in non-accelerating experiments, determine the development of high energy physics in
the coming years.
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Oo6ixox T.B.

TacruryT anepaux gocaimxens HamonanpHol akamemil Hayk YKpainn

KOCMOJIOI'TYHA IHOJIANIIA B PAHHBOMY BCECBITI
I CYIIEPCUMETPUYHA TEOPIA BEJIMKOI'O OB’€IHAHHA

AnoTranisa. Po3riasHyTo eBOMOINI0 yABJIEeHb Hpo BcecBIT Bif HaWmaBHINIKX YaciB 0 choromeHHA. IIpmmi-
JIEHO yBary Cyd4acHiil cuTyailril B (pi3uill BUCOKUX eHeprii. BinkpurTts npuckoperus BeecBiTy sminmiio Haml
VABJIEHHS IIPO €HEprilo BaKyyMy: HeoOXIJTHO 3pO3yMITH, YOMYy Id €Heprisa e masoi BeawunHoo. Ocramui
KOCMOJIOTIYHI CIIOCTEpPEsKeHH IMOKa3aJsu, Mo BcecBiT mockuil abo Maiske PIBHHM, IO € HMIATBEPIKeHHIM
Teopil 1udamii. [IpexcraBneni ocranHi HOCMOJIorqui JaHl 100 BUMIPIOBAHHS PEJIIKTOBOTO BUIIPOMIHIO-
BaHHSA 1 IPUCKOPEHOTO POSIIMPEHHS Beecsity, axi 3’coByOTH IUTAHHA PO PaHHIO cTamio eBoJoiil Beec-
BiTy. OCo6suBY yBary mpualiaeHo TEOPETHIHIM 1mesiM mo/s0 HOBoi (hismkn 3a memamu CrannapTHOI Moze-
a1 (CM): poamupennio rpynu cumerpii CM, 361abIIeHHIO poaMlpHOCTl IIPOCTOPY-4acy, J0/aBaAHHIO HOBUX
CKAJIAPHUX CYNePCHMETPUYHHX YaCTHHOK. BRIIOIeHHS UX HANIPAMKIB y €UHY TEOPiio — TeOpiio CTPYH Ta
D-6pan IPU3BOMUTE 10 MOKJIMBOCT] BHPIIIEHHST IPOOJIeMH CTa0LIbHOCTL BaKyyMy Ta mpobemMu iepapxii
B3aeMo/iii. B pamkax miei Teopii MosKHA BUPINIMTH IUTAHHS II0/I0 TEMHOI MaTepil 1 BRIIOYHTH /10 POBIJIATY
rpaBiTalliio ajs mo0yI0BU e€qUHOI Teopil BCiX YOTHPHOX B3aeMOIill — cymeprpasirtaiii abo M-teopii. Hase-
JIeHO PI3H1 AyaJbHOCTI MK CTPYHHHMH TeopliaMmu B pamkax M-reopii. [Ipukmaamom Takoi gyansaocTi € AdS/
CFT- BiL[HOBi,HHiCTL sKa mmepeadbavae, 1Mo P XapaKTepUCTUR Teopi'l' MOsKe OyTH OITMCAHUM AK B paMKax 40-
THPUBHUMIPHOI TeOpil 101 TaK 3a JOIIOMOroio rpasiranii B o ATHBHMIPHOMY IIPOCTOP1 fie- Currepa. B pamMKax
1H}IIAIIEHOI Mogesl, M-Teopii Ta cynepcuMeTpli POSTJIAHYTO MEXaHI3M IePeXosy MK IPOCTOPAMU PISHHUX
KOHITyparii Big XuOHOTO 10 CIIPaBIKHBOIO BAKYYMY Uepe3 CKaJISIPHI T0JIA TUITY 0030Ha Xirrea. BI/IplLT_IeHHH
IpobJIeMH eKCIIepUMEeHTAIBHOIO IiATBEP/AKeHHS TeOPiil BeJIUKOro 00’ ‘€/[[HAHHS II0JIATae B MOKJIMBOCTI IIO-
eqHATH (PI3UKY HaA Cy6M1J‘IlM6TpOBI/IX JiamasoHax 1 Ha BIACTAHSX po3Mipy BceecBiTy, OCKIIBKM KOCMOJIOTIUHI
CIIOCTEPEKeHHs BJIACTUBOCTEH PEIIKTOBOrO BUIIPOMIHIOBAHHS IIPU3BOIATE 0 BUCHOBKIB IO0 BJIACTUBOC-
Teit Teopiit 3a mesxxamu CM. Vemixu CM i aycmins, Akl cupaAMoBaHI Ha Ii HepeBIpKYy, TAKOMK AK 1 IOITYKH
HOBOI (pi3UKM AK Ha mpucKopooBavax Tuily BAK, Tax 1 B HeIpuCKOPIOBAJIbHUX €KCIIEPUMEHTAX BU3HAUAIOTH
PO3BUTOK (PI3UKM BUCOKUX €HEPTidl Ha HANOIMIKYl POKH.

Kmrouosi ciosa: indusaiia Beecsity, M-reopis, mpoctip anTu-ge-Citrepa, cynepcumerpis, 6030H Xirrea.
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roblem statement. The relationship

between the cosmic scales and the scales of
elementary particles is the most relevant today for
both physicists and astronomers. The discovery of
relict radiation and the study of its characteristics
that affect our ideas about elementary particles in
cosmic space, as well as our ideas about the picture
of the early evolution of the Universe, are the most
impressive and vividly demonstrate the relationship
of sciences at different scales of distances. However,
the question remains open about the mechanism of
the early stage of the emergence and evolution of
the Universe, to which this article 1s devoted.

Analysis of the latest research and publications.
The questions of the evolution of the early universe,
as well as the possibility of combining all types of
interactions, occupied the minds of many scientists,
among which the following can be especially distin-
guished: Bagger [1], West [2], Wess [1], Polyakov
[3], Weinberg [4], Linde [5], etc.

The aim of the article is to explain the inflation
model of the Universe through the tunneling mech-
anism from anti-de Sitter to de Sitter space within
M-theory with the help of Higgs field.

The principal material statement. The question
of the origin and evolution of the Universe has oc-
cupied humanity for almost its entire existence.
Even the Babylonians and Egyptians knew some-
thing about the laws of the orbits of celestial bodies,
and especially about eclipses. The teachings of the
ancient Greeks, the most striking of which is repre-
sented by the Pythagoreans (VI century BC), were
interested in the secret cause of everything.

The basic teaching of the Pythagoreans, as we
know, was that things are numbers. The Pythago-
reans knew that the Earth is a sphere. Their plan-
etary model is shown in Figure 1.
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Figure 1. Model of the planetary system

and stars of the Pythagoreans, from [6]

The model consists of a fixed center, nine spheres
(earth, moon, sun, planets, fixed stars) that rotate
around it and an antichthon or counter-earth. The
four elements (fire, water, earth, air), apparently,
were thought of as consisting of four of the existing
five geometrically regular bodies, while the fifth,
twelve-sided, was saved as a container for the en-
tire Universe. One of the first Pythagoreans, Peter,
claimed that there were also 183 worlds.

Representatives of the Milesian school (Thales,
Anaximander and Anaximenes (VII-VI century
BC)) suggested considering the only material (water
at Thales, air at Anaximenes), of which everything
consists which was a step on the path to atomism.

Xenophanes and Heraclitus (VI century BC) be-
lieved that this world was created by none of the
gods and none of the people; it has always been,
and is, and will be forever a living fire that flares up
with measures and goes out with measures.

Ancient atomistic theory, which is associat-
ed with the names of Leucippus and Democritus
(V century BC) is the forerunner of modern one:

— Atoms are invisibly small.

— Atoms are in perpetual motion.

Democritus expressed clearly and meaningful-
ly the most advanced epistemological position of
antiquity. He believed in the reduction of an inex-
pressibly rich variety of behavior to purely geomet-
ric images.

Where did the “Cosmos” (“koopog’), the Universe
come from? Did the Universe have a start? Even in
antiquity, people proposed models of the Universe.
Aristarchus of Samos and Ptolemy proposed the he-
liocentric system of the world. The cosmological sys-
tem, which was of great importance in the Middle
Ages, was created by Aristotle. Later Copernicus, Ke-
pler, Galileo, Newton, Lemeter, Friedman, Einstein
proposed their models of the Universe. Kepler repre-
sented the Universe in the form of a ball of finite ra-
dius with a cavity in the middle where the Solar sys-
tem was located. On the basis of the “Mathematical
Principles of Natural Philosophy” in the XVIII centu-
ry Newton is building his model of the Universe. To
overcome the problem of merging gravitating bodies,
he believes that the space of the Universe is infinite.
In 1916, A. Einstein wrote the equations of the gen-
eral theory of relativity, describing the “stationary”
Universe and in the years 1922-1924. A. Friedman re-
ceilves non-stationary solutions of the entire Universe
[7]. This general solution provides a “special world”,
a “new type of Universe” — a Universe that changes
over time. The periodic increase and decrease in the
curvature of the Universe leads to the conclusion that
it is unsteady. Friedman proved that Einstein’s equa-
tions include the possibility of not only a Universe of
positive curvature (sphere, de Sitter (dS) space) but
also a Universe with negative curvature (anti de Sit-
ter space, AdS) with zero density of matter. Different
types of geometries are presented in Figure 2.

Figure 2. Riemann geometry with different
curvatures (from left to right: negative zero, positive)

The further development of physical ideas about
the Universe is connected both with the development
of observational space technology (terrestrial and
space telescopes) and with theoretical constructions.
Hubble’s discovery (1929) of the expansion of the Uni-
verse, later proposed by Gamov (1946-1949) and the
discovery of isotropic relic radiation in 1965, togeth-
er with the impressive cosmic experiments of COBE,
WMAP, Planck, were milestones in predicting the Big
Bang theory and creating a picture of a homogeneous
1sotropic unsteady hot expanding Universe [8].

At present, physicists are faced with the problem
of coordinating the picture of the observed Universe
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and the Big Bang theory, which is associated with the
initial stage of the first explosion. At the initial stage
of the emergence of the Universe, it was assumed
that matter compressed to a point had an infinitely
high density, temperature and pressure. However,
this is impossible, since at high density the particles
could not have a high temperature when repelled.
So, Alan Gut [9] suggested that the early Universe
could go through a period of very rapid expansion at
an increasing rate — a period of “inflation”, Figure 3.

miflation &

Figure 3. Scheme of inflationary theory:
exponential expansion leads to a homogeneous,
spatially flat Universe

To solve these issues, it must be assumed that
at small (Planck) distances, the true physical space
has a complex structure. This structure is modeled
by spaces of the Kaluza-Klein type.

One of the greatest advances in physics over the
past two millennia is the definition of the four types
of interaction that rule the Universe:

— Gravity

— Electromagnetism

— Strong and weak nuclear interactions.

Albert Einstein throughout his life tried to create
a “theory of everything”, to find a simple equation
that combines all physical interactions and describes
all the laws of the Universe. Since the Universe is
described in terms of two basic theories: the general
theory of relativity (on a scale of several kilometers to
one with twenty-four zeros of kilometers) and quan-
tum mechanics (scale 1s a millionth of a millionth of
a centimeter), the main task of physics is to search
for the quantum theory of gravity, which will include
both theories. Such theory was proposed by E. Witten
(1995) and called M-theory — a unified theory of all
of the fundamental forces of nature and all consist-
ent versions of superstring theory [10]. There are five
superstring theories built in ten-dimensional space
(8D regular space + 1 time + 6D space of extra dimen-
sions) for explanation of the particles and fundamen-
tal forces. They incorporate bosons and fermions into
supersymmetric theory (SUSY) and due to S- and
T-dualities these five theories are included into su-
pergravity theory — M-theory, Figure 4.

With M-theory is associated AdS/CFT corre-
spondence [11], when the geometry of space-time is
described in terms of a vacuum solution of Einstein’s
equation called AdS space, presented in Figure 5.

AdS/CFT correspondence states that conformal
field theory on the boundary of AdS space is equivalent
to the gravitational theory on the bulk of AdS space. It
means that a particle in the gravitational theory cor-
respond to some collection of particles in the bounda-
ry of AdS space. Since we are dealing with M-theory,
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Figure 4. String theory dualities
to obtain equivalences of any
of the five theories within M-theory

Figure 5. Two (1+1)-dimensional AdS space
embedded in three (2+1)-dimensional space

the Einstein equation cannot be used in its pure form,
therefore, the question of the connection of the Richey
tensor with the cosmological constant does not exist.

To achieve inflation, it is necessary to add a new
scalar field ¢ to the set of known physical particles
and fields. The effective energy density in the ear-
ly Universe, according to the inflationary model, is
determined mainly by the effective potential V(p),
presented in Figure 6.

V(¢)

&

Figure 6. Expected function type V(p) with false
vacuum on the left and true on the right from [12]

A Universe of negative curvature could not be
stationary according to A. Friedman. Therefore, it
can move from the false vacuum of AdS space to
the true vacuum of dS space in which we live. At
the same time, problems with a zero vacuum den-
sity corresponding to the solution of an unsteady
Universe are being solved. Here, the AdS/CFT cor-
respondence plays a role, when all particles are on
the boundary of space, and not inside it.
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Figure 7. Three generations of quarks and leptons, gauge particles,
Higgs bosons (left) and their superpartners (right)

Energy
EITECI \/ \/

Figure 8. Higgs potential curve for low background energy (left)

and large background energy (right) for supercharged field during the early Universe

As for the scalar particle it is necessary to say
that SUSY as the theory with additional scalar par-
ticles may be a suitable theory [13]. SUSY — a the-
ory linking bosons and fermions into one theory,
where each particle with an half-integer spin corre-
sponds to its superpartner with a integer spin and
and vice versa, (Gauge-coupling unification Figure
7), solves a number of Standard Model problems:

— the hierarchy problem;

— dark matter candidate problem:;

— realizes gauge-coupling unification;

—1is part of superstring theory, a string theory of
quantum gravity;

— CP-symmetry problem.

Among these particles, the Higgs boson is of most
interest, since it is associated with the acquisition of
mass from particles. Their clearest description is pre-
sented on the CERN website [14]: “Just after the big
bang, the Higgs field was zero, but as the universe
cooled and the temperature fell below a critical value,
the field grew spontaneously so that any particle in-
teracting with it acquired a mass. The more a particle
interacts with this field, the heavier it is. Particles like
the photon that do not interact with it are left with no
mass at all. Like all fundamental fields, the Higgs field
has an associated particle — the Higgs boson. The Higgs
boson is the visible manifestation of the Higgs field,
rather like a wave at the surface of the sea”. On 4 July
2012, at the LHC CERN (ATLAS and CMS Collabo-
rations) was observed Higgs boson in the mass region
around 125 GeV [15]. Higgs potential curve which de-
scribes the energy of the field is presented in Figure 8.

Predicted by SUSY additional Higgs bosons
(scalar (h, H, A) and charged (H )), are searched
at the LHC. The latest experimental data are ex-
plained within Two Higgs Doublet Model (2HDM)
and presented in the paper [16]. The scope of the
searches for new Higgs bosons is impressive. I can
only submit a table with Higgs search channels for
ATLAS and CMS Collaborations.

The latest experimental data on the searches for
additional Higgs bosons with a statistical significance
of 3 sigma and 4 sigma at masses of about 93 GeV and
400 GeV are presented in papers of CMS and ATLAS
Collaborations [17; 18], some of which are in Figure 9.

Conclusions. We examined the evolution of ideas
about the cosmos, the nature of things and about the
Universe since the era of antiquity. Thanks to the de-
velopment of observational techniques and theoretical
models, a modern picture of the Universe was present-
ed. Of greatest interest is the moment of the emergence
and evolution of the Universe, the theory of construc-
tion of which is under development. We have presented
an inflationary scenario for the development of the Uni-
verse, which includes the M-theory as a theory of super-
gravity on the one hand, and on the other as a theory
for which AdS/CFT correspondence is performed. A set
of supersymmetric theories involving the existence of
additional charged and neutral scalar Higgs fields, the
active search for which was successfully carried out at
the LHC (ATLAS, CMS) experiment, presents a model
of the early development of the Universe from the AdS
to the dS (our) space, overcoming the contradictions of
modern high-energy theoretical physics.



«Young Scientist» * Ne 4 (80) » April, 2020 5

Table 1
Higgs search decay channels for ATLAS and CMS Collaborations
channel channel
A/ H - pup h — AA — bbbb
A/ H — bb h— AA — bbtt channel channel
A/H—>tw h — AA — bbupu A — hZ — bbll A/ H — HZ | AZ — bbll
A/ H —yy h— AA - 1ttt A—hZ - 1l A/ H —> HZ | AZ — tll
A/ H -1t h— AA — ttup H — hh
H—> 77 h— AA — puup
H > WW
CMS 359fb-1(13TeV) 10 LI LA AL L LN AN I I B B B B B N B
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Figure 9. Expected and observed exclusion limits (95% CL) on the product
of the production cross section and branching fraction for an additional SM-like Higgs boson,
from the analysis of the 13 TeV for mass of about 90 GeV (left) and 350 GeV (right)
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