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Abstract

Within the framework of the Unified Wave Cosmological Model (UWCM), spacetime (the
Stratum) is a discrete quantized network, and its active boundary (the SGW) is the carrier
of information about the state of the system. In previous works (Slavutsky, 2026e, DOI:
10.5281/zenodo.19516683; Slavutsky, 2026d, DOI: 10.5281/zenodo.19431683), it was shown
that the mass of black holes (Stratum anchors) is quantized: M = N - mp, where mp is the
Planck mass, and a black hole classifier has been constructed.

In the present work, this quantization is extended to the dynamics of the entire system.
The work is hypothetical and heuristic in nature. A rigorous derivation of the presented re-
lations requires further formalization, in particular, the construction of the Stratum equation
(Slavutsky, 2026h, DOI: 10.5281 /zenodo.19518993). It is shown that:

1. The energy transferred by the SGW to the Stratum at the moment of the “Whiplash
Impact” (and back—during the “Return”) is transferred in portions that are multiples of the
Planck energy Ep = \/W 2. The information recorded on the SGW is quantized with a
minimal bit corresponding to the Planck area: AS = kgln2-(4i%), which directly corresponds
to the Bekenstein-Hawking holographic principle. 3. The Stratum framework (the bond energy
€i; between nodes) also changes discretely, with a step ep related to Ep via the coordination
number of the network.

A direct connection is established between mass quantization, energy transfer quantization,
and the holographic principle. The SGW is interpreted as a holographic screen on which the

state of the Stratum is recorded, and black holes—as nodes that accumulate “frozen” energy



quanta for subsequent return to the SGW. The work offers testable predictions for cosmology
(quantized structure of the cosmic microwave background) and astrophysics (discrete spectrum

of gravitational waves from Stratum collapse, neutrino correlations for super-active anchors).

AnHoTarua

B pamkax Emunoit Bososoit Kocmosoruaeckoit Mogenn (EBKM) mpocrpancrso-Bpems

(ITnact) mpeacraBisier coboil TICKPETHYIO KBAHTOBAHHYIO CCTh, a ero aktusHas rpannia (CI'B)
— HOCUTEIb MHGMOPMAIMH O COCTOSTHIU cUcTeMbl. B npespiymux paborax (Ciaasyrekuii, 2026e,
DOI: 10.5281/zenodo.19516683; Cmasyrckuii, 2026d, DOI: 10.5281/zenodo.19431683) 6bu10
MOKA3aHO, 4TO Macca YEpHBIX JbIp (sikopeit [lnacra) ksanroBana: M = N - mp, e mp —
IJIAHKOBCKAasl Macca, U MOCTPOEH KJIaCCU(PUKATOP YEPHBIX JIBIP.

B nacrosireit pabore 3T0 KBaHTOBaHUE PACIPOCTPAHEHO Ha JIMHAMUKY Bceii cuctembl. Pabota
HOCUT XapaKTep IUIO0Te3bl i 9BPUCTUYECKUX MTpe/iToioxkennii. CTporuii BBIBOJI TPEJICTABIEHHBIX
COOTHOIIEHU TpebyeT JabHelineil (hopMan3alii, B YaCTHOCTH — IOCTPOEHUs ypPaBHEHUA
[Tnacra (Cnasyrckwuii, 2026h, DOI: 10.5281 /zenodo.19518993). IMokaszato, |uro:

1. Dueprus, nepegasaemas CI'B Iliacry B MomeHT «Yiaapa Xjbicta» (H 06paTHO — IIpH
«BosBpare» ), mepegaércest MOPIMSIMU, KPATHBIME IJIAHKOBCKON sHeprun Ep = (/hc®/G. 2.
Nudopwmarus, sanuceiBaemas na CI'B, kBanToBana ¢ MUHUMAIBHBIM OUTOM, COOTBETCTBYIOIITUM
miankosekoit mwiomam: AS = kgln2 - (4[%), 9TO IPAMO COOTBETCTBYET TOJIOrPabUIECKOMY
npuunuiy Bekenmreitna-Xokunra. 3. Kapkac Ilmacra (smeprust cBsseit €;; MexIy y3iaMn)
TaKKe U3MEHAETCs JIMCKPETHO, C IIAaroM £p, CBA3AHHBIM ¢ Fp depe3 KOOPIUHAIIMOHHOE YUC/IO
ceTu.

YcranoBiieHa MpsiMast CBSI3b MEXKTy KBAHTOBAHMEM MACChl, KBAHTOBAHUEM TIePeIavdl SHEPTIH
u rojorpadudecknm npunnumnom. CI'B maTepnipernpyercss Kak rogorpadudecknii SKpaH, Ha
KOTOPOM 3altcano cocrosnue [liracra, a 4épHble JbIPbI — KaK y3J/Ibl, HAKAIIJIUBAIOIINE «3aMOPOXKEHHbBIE
KBaHTBI SHEePrun /i nocseyioriero Bo3spata B CI'B. Pabora npejiyiaraer npoBepsieMble IpeICKa3a s
JIJTsT KOCMOJIOTHH (KBAHTOBAHHASI CTPYKTYPAa PEJTMKTOBOIO U3JIy YeHs1) U acTPOMU3UKH (JMCKPETHBIH
CIIEKTP TPaBUTAIMOHHBIX BOJIH OT KoJutarca llmacra, HefTpuHHBIE KOPpEJIAIUN I CBEPX-

AKTUBHBIX SKOPEil).
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1 Introduction

The Unified Wave Cosmological Model (UWCM) [1] describes reality as a three-level system:
e Stratum — a dynamic quantized network, the foundation of spacetime.

e SGW (Super-Tensed Gravitational Wave) — an active elastic boundary, storing

energy and information, setting boundary conditions.
e Infill — emergent excitations of the Stratum (matter, fields, life).

In [2], it was shown that the mass of black holes (Stratum anchors) is quantized:

M =N -mp, N €N, (1)

where mp = \/W ~ 2.18 x 107® kg is the Planck mass. The black hole classifier
[3] distinguishes four classes (passive, super-active, regular, local), corresponding to different
ranges of IV, and also identifies a “forbidden mass gap” that is unattainable spontaneously. (A
detailed classification and numerical class boundaries are given in [3].)

However, mass quantization is only one consequence of Stratum discreteness. If mass is
quantized, then all processes of energy and information transfer between the Stratum, its
framework, and the SGW must also be quantized with a step determined by Planck units.
Otherwise, the system would be internally inconsistent: a discrete network could not exchange
energy with its boundary in a continuous manner.

This work is devoted to extending quantization to the dynamics of the entire system and
establishing a connection with the holographic principle—one of the fundamental results of
quantum gravity, according to which information about a three-dimensional volume can be

encoded on its two-dimensional boundary.

1.1 Quantization of Energy and Information in Physics: Historical

Background

The idea that energy can be transferred in discrete portions arose with the advent of quan-
tum mechanics (Planck, 1900). However, in a cosmological context, the quantization of energy
transfer between the boundary of the Universe and its contents has not previously been con-
sidered.

The holographic principle ('t Hooft, Susskind; exact formulation in Maldacena’s AdS/CFT
correspondence) postulates that information about a three-dimensional volume can be encoded
on its two-dimensional boundary with a density of 1 bit per area 4/%. In the standard inter-
pretation, this remains a mathematical possibility. UWCM identifies this boundary with the
SGW, making the holographic principle a physical reality.

Quantization of bond energy in discrete networks is discussed in spin network theory (Rov-
elli, Smolin) and loop quantum gravity. UWCM proposes a specific mechanism: ep = FEp/z,

where z is the coordination number of the Stratum.



2 Quantization of Energy Transfer between the SGW and
the Stratum

2.1 The “Whiplash Impact” as a Quantized Impulse

In UWCM, the cosmological cycle begins with the “Whiplash Impact”™—a synchronous impulse
of energy from the SGW to the Stratum. This impulse initiates node activation and the birth
of the Infill.

Since the Stratum is discrete (minimal scale—Planck length [p = \/m), the energy that
a single node can receive is limited. The minimal portion of energy that the SGW can transfer

to a single node is the Planck energy:

h 5
Ep = w/% ~1.96 x 10° J &~ 1.22 x 10*° GeV. (2)

It is natural to assume that the total energy of the “Whiplash Impact” must be an integer

multiple of Ep:

Eimpact = K - Ep, K €N, (3)

This assumption is consistent with mass quantization 2] and Stratum discreteness, but is
not rigorously derived from them. It is accepted as a working hypothesis that sets the direction
for further formalization.

Similarly, the energy returned by the Stratum to the SGW at the moment of the “Whiplash

Return” (collapse) is also quantized:

Ereturn:Kl'EP7 K/EN- (4)

2.2 Physical Meaning of Quantization

The number K (or K’) has a simple meaning: it is the number of elementary transfer acts
between the SGW and the Stratum. Each such act corresponds to the transfer of one quantum
of energy Ep through one framework bond.

This allows the SGW to be interpreted not as a continuous source but as a discrete emit-
ter, emitting energy quanta. Such an interpretation eliminates the problem of infinite energy
density at the initial moment (the Big Bang singularity): energy is transferred in portions, not

continuously.



3 Quantization of Information on the SGW and the Holo-
graphic Principle

3.1 The Holographic Principle

The holographic principle, formulated in the works of 't Hooft and Susskind and given a precise
formulation within Maldacena’s AdS/CFT correspondence, states:

The mazimum amount of information that can be encoded in a three-dimensional volume s
determined by the area of its two-dimensional boundary, not by its volume.

For a black hole, this is expressed by the Bekenstein-Hawking entropy formula:

A

where A is the horizon area. Each bit of information corresponds to an area of 4(%.

3.2 The SGW as a Holographic Screen

In UWCM, the SGW is the active boundary of the Universe, onto which information about the
state of the Stratum (configuration of nodes and bonds, mass distribution, etc.) is recorded.
The SGW is not a boundary of the Universe in a spatial sense, but a meta-boundary between
levels of reality: between the Stratum (quantized network) and what lies beyond the current
cycle. Its area Aggw is determined not by geometric size but by energy and information
capacity.

The question of the spatial localization of the SGW and the method for calculating its area
Asgw remains open. In this work, we accept the holographic principle as a heuristic framework
that points to a deep connection between UWCM and modern approaches to quantum gravity.

If the holographic principle is accepted, then the information on the SGW must be quantized:

AI =1 bit per area 41%. (6)

The total information recorded on the SGW in the current cycle is:

ASGW
12

ISGW = (111 bitS). (7)

3.3 Connection with Energy Transfer Quantization

The energy of the “Whiplash Impact” Eipnpaet = K - Ep can be related to the information
recorded on the SGW via a relation analogous to the thermodynamic one (by analogy with
Landauer’s formula for information erasure).

By heuristic analogy with the thermodynamics of computation (Landauer’s formula), one

can write:



Fimpact = kTsaw - Isgw - In2, (8)

where Tsqw is the effective temperature of the boundary.

It should be emphasized that this relation is an analogy, not a rigorous derivation. A rigorous
justification of the connection between the “Whiplash Impact” energy and the information
on the SGW remains an open problem. This relation requires further investigation, but its

existence points to a deep connection between energy quantization and information quantization

in UWCM.

4 Quantization of Bond Energy (the Stratum Framework)

The Stratum framework is the set of bonds between nodes that hold the structure together.
The bond energy €;; between nodes ¢ and j determines the strength of their interaction.
Since the Stratum is discrete, bond energy cannot change continuously. It must take discrete

values that are multiples of some fundamental unit ep:

€ij = Ny ~€p, MNyj e N. (9)

It is natural to assume that ep is related to the Planck energy Ep via the number of bonds

per node (coordination number):
Ep
ep = (10)

where z is the average number of bonds of a node in the Stratum (analogous to the coordi-
nation number in a crystal lattice). Ep is the energy quantum transferred between the SGW
and the Stratum in the “Whiplash Impact/Return” act. ep is the bond energy quantum within
the Stratum, between its nodes. They are related via the coordination number, but are distinct
physical quantities.

The number z can be estimated from the structure of the Stratum. If the Stratum resembles
a random graph with fractal dimension, z may depend on scale. For Stratum anchors (black
holes), the effective coordination number may be related to their class: the more massive the
anchor, the more bonds it holds. For a simple cubic lattice z = 6, but for a random Stratum
network z may be different. This is an open question for further research.

Quantization of bond energy has an important consequence: restructuring of the Stratum
(changes in bond configuration) occurs in jumps, not continuously. This explains why astro-
physical events (FRBs, black hole flares, mergers) often have an explosive character: the system

transitions from one discrete state to another, releasing or absorbing an energy quantum.



5 Connection to Black Holes (Stratum Anchors)

In [2], it was shown that black holes are Stratum anchors—modes with colossal bond energy
that hold the framework structure together. The classifier |3] identifies four classes of anchors.
Detailed justification of the classes and transition principles can be found in [3]; the derivation

of mass quantization is in [2].

Table 1: Role of different classes in energy transfer to the SGW.

Class Role in energy transfer to the SGW

I (Passive) Accumulation of “frozen” quanta (does not
transfer, awaits collapse)

IT (Super-active) | Maximally intense transfer of quanta to the
SGW (jets, neutrinos)

IIT (Regular) Moderate transfer; part of the energy goes to
the Infill
IV (Local) Local accumulation; participates in mergers

Energy transfer quantization allows us to explain the differences between classes:

e Class I (Ton 618) has accumulated a huge number of quanta N ~ 10% but does not

actively transfer them—they are “frozen” until the moment of collapse.

e Class II (ID830) is in the regime of maximum transfer: each transfer act corresponds

to a quantum FEp, manifesting as super-Eddington accretion and powerful jets.

e Class III (CEERS 1019) transfers energy moderately; part of the quanta go to the

Infill (heating, chemical anomalies).

e Class IV (Cygnus X-1) accumulates quanta locally; transfer to the SGW is minimal.

6 Testable Predictions

6.1 Cosmology: Cosmic Microwave Background

If the “Whiplash Impact” was quantized (Eimpact = K - Ep), then the spectrum of the cosmic
microwave background (CMB) should contain discrete features—“steps” or peaks at scales cor-
responding to Planck energies redshifted to the present day. These features could be detected
by future observatories (CMB-S4, PICO).

6.2 Gravitational Waves

Stratum collapse (“Whiplash Return”) should generate not a continuous spectrum of gravita-
tional waves but a discrete set of frequencies that are multiples of the fundamental frequency
vp = 1/tp ~ 1.85 x 10" Hz. These frequencies are heavily redshifted today but may manifest

as anomalous peaks in the stochastic gravitational-wave background, which will be measured by

8



next-generation detectors (LISA, DECIGO, Einstein Telescope). LISA (107%-10~! Hz) is sensi-
tive to the relic background from early cosmological epochs; discrete features may be detectable

with sufficient sensitivity.

6.3 Black Holes: Discrete Evaporation

For micro black holes (N ~ 1), the Hawking radiation spectrum should be discrete: the energy
of emitted photons and neutrinos should be a multiple of Ep ~ 10'° GeV. This prediction is
currently untestable but may be verified in the future by detecting bursts from evaporating

micro black holes.

6.4 Super-Active Anchors and Neutrinos

Class 1T objects (ID830) should exhibit a correlation between bursts of X-ray/radio emission
and fluxes of high-energy neutrinos. The IceCube and KM3NeT neutrino observatories can test

this prediction in the coming years.

Table 2: Summary of predictions.

Prediction Instrument Status

Discrete features in CMB spectrum CMB-54, PICO Expected

Discrete gravitational-wave background spectrum | LISA, DECIGO, Ein- | Expected (next
stein Telescope generation)

Discrete evaporation of micro black holes Future gamma-ray ob- | Currently inac-
servatories cessible

Neutrino correlations for ID830 and Class 11 IceCube, KM3NeT Currently being

tested

7 Conclusion

This work has shown that the discreteness of the Stratum in UWCM entails the quantization

of all fundamental processes of energy and information transfer:

1. The energy of the “Whiplash Impact” and “Return” is a multiple of the Planck energy
Ep.

2. Information on the SGW is quantized with a minimal bit per area 4{%, which corresponds

to the holographic principle.

3. The bond energy of the Stratum framework is also quantized with a step ep = FEp/z.

A direct connection has been established between mass quantization [2|, energy transfer
quantization, and the holographic principle. The SGW is interpreted as a holographic screen
on which the state of the Stratum is recorded, and black holes—as nodes that accumulate

“frozen” energy quanta for subsequent return to the SGW.

9



Testable predictions have been formulated for cosmology (discrete features in the CMB
spectrum), gravitational-wave astronomy (discrete background spectrum), and black hole as-
trophysics (neutrino correlations, discrete evaporation of micro black holes).

The present work represents a set of hypotheses linking mass quantization [2] with energy
transfer quantization and the holographic principle. Further formalization of these ideas re-
quires the construction of the Stratum equation, the problem statement for which is given in
[4].

This work is a further step in the formalization of UWCM and demonstrates how the
ontology of Stratum, SGW, and Infill aligns with the fundamental principles of quantum gravity.
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1 BBenenme

Enunas Bomnosas Kocmosormaeckast Mogesns (EBKM) [1] onucbiBaer peajbHOCTH Kak TPEX-

YPOBHEBYIO CUCTEMY:

e IlnacTt — nunamudeckass KBAHTOBAHHAA CE€Th, OCHOBA ITPOCTPAHCTBA-BPEMEHHU.

e CI'B (CBepxuanpsikénnas ['paBuranmonnasi Bosina) — aktuBHas yupyras IpaHu-

11a, XpaHsIas SHePruo 1 HHOPMAIINIO, 33 1a011asl FPAHUIHbIE YCIOBUSI.

e Hanosnenune — smep/zkenTHble Bo30yxaenus [Lnacra (BemecTBo, MoJist, JKU3HB ).

B pabore |2] 6p110 1M0Ka3aHo, 9T0 Macca Y6pHbIX 6P (sKopei [lracta) kBanTOBaHA:

M=N-mp, NEcN, (1)

rae mp = /hic/G &~ 2.18 x 107® kr — mnankosckas Macca. KiaccndukaTop 4épHBIX JIbIP
[3] BBLIEASIET YeTBIDE Kitacca (IACCHBHBIE, CBEPX-aKTUBHbBIE, MITATHBIE, JJOKATbHbIE), KOTOPHIM
COOTBETCTBYIOT pas3/IMYHble JHala30Hbl [V, a TakkKe (PUKCHUPYeT <«3allpeliéHHyI0 30HY» Macce,
HeJocTIKUMYIO crionTanHo. ([logpobnast KiaccnduKalys 1 IucI0BbIe I'PAHUIBI KJIACCOB MPU-
BeJIeHBI B [3].)

OHAKO KBAHTOBAHME MaCChl — JIUIIE OJHO U3 caeAcTBuil quckpernoctn [Lnacra. Ecan macca
KBaHTOBaHa, TO U BCE IIPOIECCHI Iepeaatn sHeprun u nadopmannn mex 1y [Liacrom, kapkacom
n CI'B go/KHBI OBITH KBAHTOBAHBLI C IANOM, OIPEIEIseMbIM ILJIAHKOBCKUMUI €IMHUIaMu. B
IIPOTUBHOM CJIydae cucTeMa ObLia Obl BHYTPEHHE IIPOTHUBOPEUNBA: JUCKPETHAsT CeTh HE MOLJIA
ObI OOMEHHBATHCA SHEPrUeil ¢ TPaHNIell HEIIPEPBIBHBIM 00pa30M.

Hacrosias pabora mocssiiena pacipocTpaHeHNI0 KBAHTOBaHUS Ha JIMHAMUKY BCeil cucre-
MBI U YCTAHOBJIEHUIO CBA3U C TOJIOIPAGUIECKAM TPUHITUIIOM — OJHUM U3 (PyHIaMEeHTATbHBIX
pe3y/IbTaTOB KBAHTOBOI I'PaBUTAIUNN, COTJIACHO KOTOPOMY HMHQOPMAIU O TPEXMEPHOM 00bEMeE

MOXKET OBITH 3aKOHPOBaHa Ha €ro ,HBYMepHOﬁ I'PaHHUIIE.

1.1 KBaHTOBaHUe Hepruu u nHdopmaliuu B (pu3mke: NCTOPUs BOMPO-

ca

West o ToM, 9TO SHEPIUs MOYKET MEPEIABATHCS JIMCKPETHBIME TTOPITUSIME, BOSHUKJIA C TOSBJIE-
rrem KBanToBoit Mexanuku (ITnank, 1900). OgHaKO B KOCMOJOIMIECKOM KOHTEKCTE KBAHTOBA~
HUE TlepeJiadu SHEPIrun MexKy rpanutieii BeesenHoit n e€ cojiep’KuMbIM paHee He PACCMaTPH-
BaJIOCh.

Tomorpaduaeckuit npunrun ('t Xoodr, Cackun; Tounas popmysuposka B AdS/CFT Mair-
JIACEHBI) TIOCTYJIUPYET, YTO HHPOPMAIUA 0 TPEXMEPHOM 06bEME MOZKeT ObITh 3aKOMPOBaHA Ha
ero JIByMEpHOl IpaHulle ¢ IIOTHOCTHIO 1 6uT Ha mwiomaas 41%. B crangaprHoii unreprnperanun
9TO ocTaéTcd MareMaTm4deckKoil BosMoxKHOCTBbIO. EBKM otoxectsiser sty rpanuny ¢ CI'B,

Jenast rojorpadguiecknii TpUHIUI (PU3NIECKON pealbHOCTHIO.
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KBanToBanue 3Heprun CBI3u B JUCKPETHBIX CETIX 00CYZKIA€TCs B TEOPUU CIIMHOBBIX CeTeil
(Rovelli, Smolin) u nernesoit kBanToBoii rpasuraiuu. EBKM npejjiaraer KOHKpeTHbIH Mexa-

Hu3M: ep = FEp/z, tie z — koopaunaimonsoe ancio [lnacra.

2 KsanroBanue nepenaun Heprum Mexkjay CI'B u Iliaa-

CTOM

2.1 «¥Ypap xJbiIcTa» KaK KBAHTOBAHHBIA MMILYJIbC

B EBKM xkocMmoJsiorndeckuii MUK/ HAUUHAETCA C «¥YJlapa XJIbICTa» — CHHXPOHHOI'O MMITYJIbCA
sueprun ot CI'B x Ilnacty. 9Tor mmmysbe 3amyckaeT akKTUBAIUIO y3JI0B 1 poxKaenne Haros-
HEHUS.

[Tockombky Ilimact auckperen (MUHEMABHBIN MACIITad — IUTAHKOBCKas JyinHa lp = /hG /c?),
SHEPTHs, KOTOPYIO MOYKET NPUHATH OJIUH y3es, orpaHnveHa. MuHuMabHas MOPIHSA SHEPIUH,

KoTopyio MoxkeT nepeaars CI'B ogmnoMy y3i1y, — 9T0 IJIAHKOBCKAas SHEPTUS:

h 5
Ep = ,/é ~ 1.96 x 10° Tk ~ 1.22 x 10° T'sB. 2)

EcrecTrBenno MIPEeAIIOJIO2KUTDL, 9YTO IIOJIHadA dHEePpIrud «yAapa XJIbICTa» OOJIZKHa OBITD neJIbIM

KpaTHBIM FEp:

Eywp = K - Ep, K €N. (3)

DTO TPEJIIOIOKEHNE COTJIACYeTCs ¢ KBAHTOBAHMEM Macchl [2] u jumckperHocTbio Iliacta,
OJ/THAKO HE BBIBOJUTCA M3 HUX cTporo. OHO MpUHUMAETCA KakK pabodasl THIIOTEe3a, 3a/1aiomas
HAIpaBJIeHUe JJIs JaJIbHeiIeit (hopMaIn3aum.

Awnaytornuano, sueprusi, Bo3spainaemas [Lracrom CI'B B moment «Bosspara xjbicras (KoJI-

JIarca), TakyKe KBaHTOBaHA:
BO3BpaT P, °

2.2 DPusmyecKuil CMbBICJ KBAHTOBAHUA

Hucno K (mmm K') mmeer mpocToit CMBIC: 9TO KOJUIECTBO JIEMEHTAPHBIX AKTOB MEpPeIatdn
ety CI'B u [lmactom. Kaxkapiit Takoit akT COOTBETCTBYET Hepejade OJHOTO KBaHTa SHEPIUU
Ep gepes oy cBsI3b Kapkaca.

910 mo3Bossier uHTepnpernpoBath CI'B He Kak HeNpepbIBHBIN MCTOYHUK, & KaK JUCKPeT-
HBIIl SMUTTEP, UCIYCKAIONNN KBAHTHI dHeprun. Takasg WHTEpPIpPETAIs YCTPaHdeT MpobJieMy
OECKOHETHOII IIJIOTHOCTH SHEPTUU B HAYAJIBHBIH MOMEHT (CHHIYJISIPHOCTH BOJIBIIOrO B3pBIBA):

SHEPrusl NepejaeTcs MOPIUSIMU, & He HEIIPEPBIBHO.
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3 KsanroBanue nadopmanunu Ha CI'B u romorpadpmnaeckuii

IIPpUHINAII

3.1 Tomorpaduyveckuii mpuHIUT

losorpadutecknuit npunnul, chopMyInpoBaHHblil B paborax 'T Xoodra n CackuHIa u mMOJIy-

quBIIHil TOYHy0 popmynpoBKy B pamkax AdS/CFT-coorsercrBust Masiiacens, riuacur:
Maxcumanvroe xoruvecmso ungpopmayuu, xKomopoe mostcem 6vmsv 3aK00UPOBAHO 8 MPET-

MEPHOM 00BEME, ONPEJEAFEMCA NAOWAILIO €20 JBYMEPHOT 2PAHUUDL, G He €20 00BEMOM.

st aépHoit IbIpbI 9TO BhIpazkaercs: popmyiioit Bekenrreitna- XoKuHTa /151 SHTPOIIAN:

A
S=— 5
= )
riae A — mroma e ropu3onTa coobiThil. Kaxkapiit ouT nadopMalmm COOTBETCTBYET ILIOMIA TN

412,

3.2 CI'B kak rojiorpadpudecknii 3KpaH

B EBKM CI'B — s10o akTuBHas rpanuia BcejgeHHO, Ha KOTOPYIO 3alUchiBaeTCs HHOpMa-
nust 0 cocrogunu [Lnacra (KorduUrypaims y3/0B u cBgaseil, pacupeeienne mace u 1.1.). CI'B
— 3TO He rpaHuIia BeemeHHO B TPOCTPAHCTBEHHOM CMBICTIE, 8 MeTa-TPAHUIA MeXKTy YPOBHSI-
MU peajibHOCTH: MexXKy [lmacrom (KBaHTOBaHHAsl CETh) U TEM, YTO 3a MPEJIEIAMU TEKYIIEro
muka. Eé miomanb Acrg onpejiesisieTcs He NeOMETPUIECKIM Pa3MepOM, & SHEPreTUIecKOl 1
NHMOPMAIIMOHHON EMKOCTBIO.

Bompoc o npocrpancTernoii jjokamsaun CI'B n criocobe Beramcaerus: eé miomaan Acrg
ocTaéTcst OTKPBITBIM. B ganHoil paboTe MbI IpHHUMAaEM TOJI0rpaUIeCcKuil TPUHIUI KAK 9BPHU-
CTUYECKYIO PaMKYy, YKa3bIBAIOIIYIO Ha TVIYOOKyIO cBaA3b Mexk 1y EBKM u coBpemenubiMu moj-
XOJaMi K KBAHTOBOW I'DABUTAIINN.

Ecmu npunsts rosorpadudeckuit mpunnui, To nadopMmarus Ha CI'B momkHa ObITh KBaH-

TOBaHa.:

Al = 1 6ur Ha womaap 41%. (6)

[Tomnas wadopmarus, 3amucannas Ha CI'B B Tekyrem mukIe:

ACFB
13

Icr = (B GuTax). (7)

3.3 CBa3b ¢ KBaHTOBaHUEM Inepeagadu saHeprum

OHepruda «Ymapa XiblcTay Ey,, = K - Ep MoxKeT ObITh cBg3aHa ¢ nHdOpManueii, 3alIcanHoil
na CI'B, uepes coorHoOIEHNe, aHAJIOTMIHOE TePMOMHAMITIECKOMY (TI0 aHajoruu ¢ (popMyJIoi

Jlaumayspa st crupanus WHOOPMAIN ).
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ITo sBpucTHYECKOIT aHAJIOIUN C TEPMOJIMHAMUKON BbIYNCICHUIT (d)opMyﬂa ﬂaH;Layapa) MOXK-

HO 3aIlucaThb:

Eypap = kplcors - Iorp - In2, (8)

rjie Terg — 3ddexkTuBHag TeMIlepaTypa I'PAHUIIBI.

Cretyer noidepKHyTh, YTO JAHHOE COOTHOIICHUE SBJISCTCA aHAJIOTHEl, a HEe CTPOTUM BbI-
BojioM. CTporoe obOCHOBaHUE CBS3W MEXKJy SHeprueil «Yjaapa XJbicTar B mHMOpMAaIueil Ha
CI'B ocraércst oTKpBITO# 3a/1a19eii. 9TO COOTHOIIEHHE TPeOyeT JTaaIbHENINEero NCCae0BaHusl, HO
€ro HaJIn4Me YKa3bIBaeT Ha INTyOOKYIO CBA3b MEXKy KBAaHTOBAHUEM SHEPIUU U KBAHTOBAHUEM

undopmanuu 8 EBKM.

4 KsanToBanmue sHeprum cBsizeii (kapkac I[Liracra)

Kapxkac [11acta — 970 COBOKYITHOCTD CBA3€EH MEXK LY Y3JIaMH, VIEPKUBAIOIIUIX CTPYKTYPY. DHEP-
I'is CBA3MU €;; MEXKJY y3JaMH ¢ U j olpeJiesideT IPOYHOCT UX B3aHMOJCHCTBHA.
[Tockonbky [lmacT auckpereH, SHEPTHUSA CBA3M HE MOXKET MEHATHCA HelpepblBHO. OHa, T0JIK-

Ha [MPUHUMATH JUCKPETHBIC 3HAYCHUS, KPATHbIE HEKOTOPO# (hyHIaMEHTATLHON eUHUIIE € p:

Eij = Nyj - Ep, Ny & N. (9)

EctecTBeHHO TPEIIIONIOXKUTD, 9TO £p CBsA3aHa C IJIAHKOBCKOM sHeprueir Fp depe3 dmciio
CBsI3€il, IPUXOJIAIIUXCS Ha OJUH y3eJl (KOOPMHAIIMOHHOE YHCJIO):
Ep
Ep = 7, (10)
rje z — cpejHee dncao caseil y3ia B [lmacre (aHasor KOOpAMHAIIMOHHOIO YUC/IA B KPU-
cTaJImaeckoil pemérke). Ep — 910 KBaHT 3Hepruu, nepegasaembiii Mexx 1y CI'B u [liactom B
akTe «Ynapa/BosBparar. £p — 9T0 KBaHT SHepruu cBsi3u BHyTpu [l1acra, Mexky ero ysiamu.
OHu cBa3aHbBI 9epe3 KOOPANHAIIMOHHOE YUC/I0, HO 9TO Pa3Hble (DU3UIECKUE BEJIMIUHBI.

Yucio z moxkeT ObITh orneneno u3 crpykrypbl [liracra. Ecim [Lract momoben ciaydaiitnoMmy
rpady ¢ ppakTaabHOi pa3MEpHOCTBIO, 2z MOXKET 3aBuceTh oT MaciiTaba. Jlns skopeit [Lracta
(4épHBIX bIP) 3GOEKTUBHOE KOOPIMHAIMOHHOE YHCJIO MOYKET OBITh CBSI3aHO C UX KJIACCOM:
JeM MaCCHBHEE SIKOpPb, TeM 0O0JIbIle cBsi3eil oH yaepzkuBaet. s mpocToit Kyondeckoil perméTkn
z = 6, HO JyIs caydaiinoit cetu Iliacta z MoxkeT OBITH JPYrUM. DTO OTKPBITHIA BOIPOC JIJIdA
JTAJIbHENTIINX MCCJIETOBAHNI.

KsanToBanue sHeprum cBsI3u MMeeT BaxKHOe cJiejicTBue: nepectpoiika [liacra (u3menenune
KOH(MDUI'YpAIUK CBsA3eH ) IIPOUCXOJIUT CKAIKAME, & He HEIPEPBIBHO. DTO 0ObICHSET, TI0UEMY aCT-
podusudeckne cobbitusi (FRB, BCObIKE 9€épHBIX JBIP, CAUSHES) 9aCTO UMEIOT B3PBIBHOI Xa-
paKTep: CUCTEMa, [TEPEXOJIUT U3 OJHOIO JIUCKPETHOTO COCTOAHUS B JPYTO€, BBIJEIsS UIH TIOTJIO-

Ifasd KBaHT 9HEPIUuu.
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5 Cga3b ¢ uépHbiME Jibipamu (skopsvu [Liacra)

B pabore [2| 6b110 TIOKa3aHO, 9TO YEPHBIE JIBIPBI — 9TO sIKOpst [L1acTa — y3JIbl ¢ KOJIOCCATBHOI
SHeprueii CBsA3M, yJep:KUBaoline CTpyKTypy Kapkaca. Kiaaccudukarop [3] Bbiaenser dersipe
Kyacca sgkopeii. JlerajpHoe 060CHOBaHME KJIACCOB ¥ IPUHIIUIIOB EPEXOJOB CM. B [3|, BBIBOX

KBaHTOBaHUs Macchl — B [2].

Tabsmmma 1: Posab kitaccoB B nepeate sneprun Kk CI'B.

Kiacc Poar B nepenaue snepruu k CI'B

I (ITaccuBHbrit) Haxkorutenne «3aMOpOKEHHBIX» KBAHTOB (He
HepeIaéT, XKJIET KOJTaIca)

II (Ceepx-akTuBHblit) | MakcHMaIbHO HHTCHCHBHAS IIepe/iada KBaH-
toB K CI'B (jukersi, HeiiTpuHO)

III (IIraTHbrit) YMmepeHnnas rnepejiada, 9acTb SHEPIUU YXO-
qut B Hamosnenue

IV (JIokaJsbHbrit) JlokanbHOE HaAKOIIeHHe, YIaCTBYeT B CJIMs-
HUSAX

KBanToBanne Imepeaadn Hepruum Io3BoJIdeT 00'bACHUTD pas3jmmdaue MexKJ1y KJlaCCaMM:

e Kunacc I (Ton 618) naxonmn orpomuoe uncyio kantos N ~ 10 Ho ne mepemaér ux

AKTHUBHO — OHHM «3aMOPO2KEHbI» 10 MOMEHTa KOoJljJIallCa.

e Kuacc IT (ID830) naxoaurcst B peKMe MaKCUMAILHOl MepeIadn: KazK/Iblil akT mepe-
JIa9¥ COOTBETCTBYET KBAHTY ['p, UTO IPOABIIsAeTCH KaK CBEPX-3/[/INHITOHOBCKAS aKKPeIHs

1 MOTITHBIE JIXKETEI.

e Kitacc III (CEERS 1019) nepenaér SHEpPruo yMepeHHO, YacTh KBAHTOB YXOJIUT B

Hamnosinenue (HarpeB, XUMUYIeCKHe aHOMAJIHN ).

e Knacc IV (Jlebenp X-1) nakamamBaeT KBaHTHI JIOKAJIbHO, epeada K CI'B Murnmasin-

Ha.

6 IIpoBepsiemble npejacKa3zaHUAg

6.1 Kocmosiorud: peJinKToBoe U3JydeHune

Ecmm «Ymap xibictay 661 KBaHTOBAH (FEyuap, = K - Ep), TO CIEKTDP PEJUKTOBOIO M3JLydeHHS
(CMB) moJizkeH cojiepzkaTh JIMCKPETHbIE 0COOEHHOCTH — «CTYIEHbKU» WU [IUKK HA MaciiTabax,
COOTBETCTBYIOIINX IJIAHKOBCKUM SHEPIUsM, MEPEHECEHHBIM Ha CErOMHSIITHUN JIeHb KPaCHBIM

CMeleHreM. DT 0COOEHHOCTH MOTYT ObITh OGHapyzKeHbl Oyaymvu obcepsaropusivu (CMB-
S4, PICO).
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6.2 TI'paBuTanuoHHBIE BOJIHBI

Komnnanc [Tnacra («BosBpar xibicTas) J10JI7KeH T€HEPUPOBATH HE HEIPEPBIBHBIN CIIEKTDP Tpa-
BUTAITMOHHBIX BOJIH, & JMCKPETHBIN HAOOp YacTOT, KPATHBIX (PYHIAMEHTAJIBHON YacTOTe Vp =
1/tp ~ 1.85 x 10* T'i. T 4ACTOTHI CErojiHs CUJILHO KPACHOMEIIEHBI, HO MOTI'YT TIPOSABJISTHCS
KaK aHOMaJIbHbIE [TUKU B CIIEKTPE CTOXACTUYIECKOI'O IPABUTAIIMOHHO-BOJIHOBOIO (pOHA, KOTOPDIt
Oyier u3MepsaATbes jerekropamu ciesyorero nokosenus (LISA, DECIGO, Einstein Telescope).
LISA (107*-107! T'n) gyBcTBUTE/IBHA K PEJTMKTOBOMY (DOHY OT PAHHUX KOCMOJIOIMYECKHX 3II0X;

JIUCKPETHBIE OCOOEHHOCTH MOT'YT OBITH OOHAPYZKEHBI ITPU JOCTATOYHON 4yBCTBUTETHLHOCTH.

6.3 Yeépmuble ABIPHI: AUCKPETHOE UCIIapeHune

Mg mukpo-aépubix nuip (N ~ 1) cnekTp nsiydennss XOKHHTA JOJKEH OBITH JMCKPETHBIM:
SHEPTUs NUCIHYCKAeMbIX (DOTOHOB U HEHTPHHO J0MKHa OBITh KpaTHa Ep ~ 10 I'sB. DTo npe-
CKa3aHue TOKA HEJIOCTYITHO JIJIsi TIPOBEPKU, HO MOXKET ObITH BepUMUIIMPOBAHO B OYIYIIEM IpU

perucTpanuy BCIBIIMIEK OT UCHAPAIOMUXcd MUKPo- /1.

6.4 CBepx-aKTUBHBIE AKOPHA M HEMTPUHO

O6bekTr! Kaacca 11 (ID830) 1oKHBI JEMOHCTPUPOBATEH KOPPEJISIINIO MEXK/TY BCILUIECKAMHI PEHTTEHOBCKOTO /
U3JIy9eHUs] ¥ IOTOKAMU BBICOKOHepreTudeckux Heiirpuno. Helirpunnsre o6cepsaropun IceCube

u KM3NeT moryT mpoBepuTh 9TO IpejicKa3anne B OJIMZKAMNIITE TOBI.

Tabsmma 2: CBogHas TabIUIA IPEICKA3AHMIA.

IIpeackazanue Nucrpyment mnpo- | Craryc
BEpKU
Jluckpernbie ocobennoctu B crektpe CMB CMB-54, PICO Oxuaercs
JIMCKpEeTHBI CIEKTP IpaBUTAIIMOHHO-BOJIHOBOTO (hoHa | LISA, DECIGO, | Oxunaercs
Einstein Telescope (cemyroree
[IOKOJIEHIE )
JuckperHoe ucnaperane Mukpo-9/1 Bymymue ramma- | [loka memocTyt-
obcepBaTOpUn HO
Heitrpunnnte koppensiun s ID830 n kiracca 11 [ceCube, KM3NeT [IpoBepsiercsa
cefrgac

7 3akKJIro4yeHue

B pabore mokazano, uro guckpernocthb Ilmacra 8 EBKM Bieuér 3a coboit KBaHTOBaHIE BCeX

dyHTAMEHTAJIBLHBIX ITPOIECCOB TIEPEJIAYN SHEPTUNA U NH(MDOPMAIIIH:

1. Dueprus «Ymapas u «Bo3Bpartay XJibicTa KpaTHa IJIAHKOBCKON sHeprun Kp.

2. Nuadopmarus na CI'B kBanTOoBaHa ¢ MUHUMAJIBHBIM OUTOM Ha ILIOIIA/IbH 4l%, 9TO COOT-

BETCTBYET IroJIorpaduIecKOMy MPUHITAILY.
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3. Dueprus ces3eil kapkaca [Lnacra Tak:ke KBanTOBaHa ¢ maroM ep = Ep/z.

YeraHoBJIeHa TpsiMasi CBA3b MeXKJly KBaHTOBAHMEM MAcChl |2|, KBaHTOBaHHMEM Tepeadn
sHeprun u rojiorpadudecknm npunnunom. CI'B uareprperupyercs kak rojgorpadutieckuii SKpaH,
HA KOTOPOM 3armcano cocrosinue llnacra, a 9épHble bIPbl — KaK y3JIbl, HAKAILIUBAIOIINE «3a-
MOPOKEHHBIE» KBAHTBI SHEPIUU JIJIs Tocieyiomniero sodspara B CI'B.

CdopmympoBaHbl IpoBepsieMble TIPeJICKa3aHus JJIsi KOCMOJIOTHH (TUCKPeTHbIE 0COOEHHO-
CTH B CIHEKTPE PEJMKTOBOIO M3JIyUIeHNs ), TPABUTAIIOHHO-BOJTHOBOW ACTPOHOMUM (TMCKPETHDII
crieKTp oHa) u acTpopU3UKN YEPHBIX JBIP (HEATPUHHbBIE KOPPEJISIIN, JUCKPETHOE UCIIAPEHUE
Mukpo-/1).

Hacrosimmas pabora 1mpejictaBiisier coboit HabOp TUIIOTE3, CBI3bIBAIOIINX KBAHTOBaAHIE MAaCChI
[2] ¢ kBaHTOBaHMEM HIepeatu 3HEprUn U rojiorpadpudeckuM npuHIUnoM. Janbueiinas dopma-
JIM3aIys 9TUX ujieit TpedyeT nocrpoenns ypasuenus [Liracra, mocranoBka 3a/1a4uu Jijisi KOTOPOTO
JaHa B pabore [4].

Pabora npescrasisier coboit ciemyroruii mar B dhopmasnuzanuun EBKM u nemoncrpupyer,
kak onrtosorus [Lnacra, CI'B u Hanosinenus corsacyercs ¢ dyHIaMeHTAILHBIMEI TPUHITUTIAMU

KBAHTOBO! I'DaBUTAINN.
BaaromaprocTn

Astop 6srarogapur coobmectso EBKM 3a 06cyKaeHnsT 1 KPUTHKY.
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