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Abstract

In a previous work [2026d], a classifier of black holes as Stratum anchors was presented—
empirical support for the Unified Wave Cosmological Model (UWCM). The classifier identifies
four classes of objects (passive, super-active, regular, local) with clear numerical boundaries in
mass, density, accretion rate, and other parameters, and also identifies a “forbidden mass gap”
(103-10° M) in which black holes are not observed under quiescent conditions.

In the present work, it is shown that the classifier is naturally interpreted as a consequence
of mass quantization in UWCM: M = N - mp, where mp is the Planck mass and N € N.
The ranges of N correspond to the classes, and the “forbidden gap” corresponds to values
of N that are not attainable spontaneously (only via mergers). On this basis, a bridge to
General Relativity (GR) is constructed: the energy-momentum tensor in Einstein’s equation
is represented as a sum over Stratum nodes with integer IV;. Corrections to the Schwarzschild
metric are obtained for black holes with finite N, along with predictions for gravitational-
wave observatories (LIGO/Virgo/KAGRA), cosmological surveys (JWST, DESI, Euclid), and
neutrino telescopes (IceCube, KM3NeT). Recent data on the super-active anchor ID830 are
considered separately and are shown to be fully consistent with the model’s predictions.

This work represents a first step toward the formalization of UWCM and demonstrates how
the ontology of Stratum, SGW, and Infill can be translated into the language of mathematical
physics.



AnHOoTaua

B mpeapiayieit pabore [2026d| npencrasien kiaccudukaTop YEPHBIX JIBIP KaK AKOpei
[Lnacta — sMnmpraeckas nopaep:kka Emunoit Boirosoit Koemonornaeckoit Mogenn (EBKM).
Kiraccudukarop BbliesgeT yeTbipe Kiacca 00beKTOB (IIaCCUBHBIE, CBEPX-AKTUBHbIE, IITATHBIE,
JIOKAJIbHbIE) € YETKUMU YUCIOBBIME TDAHUIIAMU 110 MACCe, MJIOTHOCTH, TEMIly aKKDPEeIuu |
JIDYTUM IapaMeTpaM, a Takzke pUKCUpyeT «3alpenénmyio 3omy» Mace (103-10° M), B KoTopoii
YEPHBIE JIBIPBI B CIIOKONHBIX YCJIOBUSX HE HADJIIOMAIOTCS.

B nacrosimeit pabore mokaszaHo, 9To KJ1acCu(PUKATOP eCTECTBEHHBIM 00Pa30M HHTEPIIPETUPYETCS
KakK cjeicTBue KBaHToBaHnsa Maccbl B EBKM: M = N - mp, rge mp — IJIaHKOBCKasi Macca,

N € N. JInanazonbl N COOTBETCTBYIOT KJaccaM, a <«3allpellénnasd 3oHay — 3HadeHusaM N,
HEJIOCTHZKUMBIM CIIOHTAHHO (TOJIBKO IpH CusiHusiX). Ha 91oit ocHoBe moctpoen moct K Obrmeit
reopun orocutebHoCcTH (OTO): TEH30D SHEPIrUU-UMITY/IHCA B ypaBHEHUN DHHINTEHA TPeICTaBIeH
Kak cymMMa 110 y3j1aM [ Liracra ¢ nesiounciienabivu N;. [losrydens: norpasku K Merpuke [IBapiimmibia
JIJIsT YEPHBIX JIBIP ¢ KOHEIHBIM [V, & TaKKe MPeJICKA3aHUs I IPABUTAIIMOHHO-BOTHOBBIX 00CEPBATOPHIL
(LIGO/Virgo/KAGRA), rocmomorndeckux o6zopos (JWST, DESI, Euclid) u nefirpunubx
resteckonos (IceCube, KM3NeT). OtienbHO pacCMOTPEHBI TIOCTIE/[HIE IAHHbIE 10 CBEPX-aK THBHOMY
sakopio D830, KoTopbie TOJTHOCTHIO COIVIACYIOTCS C IIPEJICKA3aHUSIMU MOJIEIIN.

Pabora npesncrasiisier coboit nepssbiit mar Kk dpopmammsarun EBKM u nemonctpupyer, kak
ourojiorus Ilmacra, CI'B nu Hamonxerust Mmoxker ObITH IepeBejieHa Ha A3bIK MaTeMaTHIeCKON

duzuky.
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1 Introduction

In [2026d], a classifier of black holes as Stratum anchors was presented—empirical support for
the Unified Wave Cosmological Model (UWCM). The classifier is based on observational data

and identifies four classes of objects:

e Class I (Passive anchors): M > 5 x 10'°M,, no accretion, low density (p < 0.01
kg/m?). Examples: Ton 618, Phoenix A.

e Class II (Super-active anchors): M ~ 10® — 10'°M,, super-Eddington accretion
(A > 3), powerful jets. Examples: ID830, SMSS J1144.

e Class III (Regular anchors): M ~ 105 — 10° M, moderate accretion (0.01 < A < 1),
three subclasses (I1I-a, ITI-b, III-c) by mass and density. Examples: CEERS 1019, UHZ1,
SAGE 2137.

e Class IV (Local anchors): M ~ 3 — 10*M,, stellar-mass black holes. Examples:
Cygnus X-1, GW190521.

A key observation of the classifier is the “forbidden mass gap”: the absence of black holes
with masses 10® — 105M, under quiescent conditions (without traces of recent mergers). This
empirical rule has no explanation in standard astrophysics but follows naturally from the on-

tology of UWCM if mass quantization is accepted.

1.1 The History of Mass Quantization in Physics

The idea that mass may be quantized is not new. In the Standard Model of particle physics,
the masses of fundamental particles are not derived from first principles but are introduced
as fitting parameters (about 18 constants). This is often referred to as “Ginzburg’s Problem
14"—the lack of an explanation for the mass spectrum.

Various attempts have been made in theoretical physics to solve this problem. In group-
theoretic approaches (e.g., Varlamov, 2023), discrete mass values are associated with eigenvalues
of Casimir operators of the Lorentz group. In emergent approaches (Zenczykowski, 2015), mass
quantization is considered a consequence of the quantization of spacetime itself. However, none
of these approaches is tied to a specific physical carrier or provides a unified quantization scale
spanning 40 orders of magnitude—from the Planck mass to the masses of galaxy clusters.

Within General Relativity (GR), mass appears as a continuous parameter. Quantization
of mass in GR is usually associated with hypothetical “micro black holes” of Planck mass, but
their existence is unconfirmed and their formation in standard scenarios is unlikely.

UWCM offers a different path. Instead of postulating mass quantization ad hoc, it derives
it from the discrete structure of the Stratum: each node of the network has a fixed Planck mass
mp, and any macroscopic object consists of an integer number N of such nodes. This yields a

natural quantization scale covering all scales and, as shown below, finds empirical support in

the black hole classifier [2026d)].



2 Mass Quantization as a Consequence of UWCM Ontol-
ogy

In UWCM, the fundamental structure of reality—the Stratum—is a discrete network of nodes,
each possessing the Planck mass mp = /hc/G ~ 2.18 x 107® kg. Activation of a node (its
transition to the “Infill” state) adds this mass to the macroscopic object. Nodes are indivisible;

therefore, the mass of any object composed of activated nodes is a multiple of mp:

M:N'mp, N e N. (1)

Thus, mass quantization is not an additional assumption but a direct consequence of the
discrete structure of the Stratum.

It is important to emphasize that within UWCM, mass quantization M = N - mp is a
postulate stemming from the discrete nature of the Stratum. It is not derived from more
fundamental principles of the model but is accepted as its basic property. Empirical justification
for this postulate is provided by the black hole classifier [2026d|, which demonstrates a natural
separation of observed objects into classes with clear mass boundaries.

Each class from the classifier corresponds to a specific range of N (Table 1).

Table 1: Ranges of N = M /mp for black hole classes.

Class Mass range M (M) Range of N

I > 5 x 10" > 2.3 x 108

II 10% — 1010 4.6 x 10" — 4.6 x 10'7
I1I-a 108 — 107 4.6 x 101% — 4.6 x 101
I1I-b 107 — 108 4.6 x 1014 — 4.6 x 10°
[II-c 108 — 10° 4.6 x 101 — 4.6 x 10'°
v 3 —10? 1.4 x 10® — 4.6 x 10°
Forbidden gap 103 —10° 4.6 x 1019 — 4.6 x 10'2

The gaps between the ranges (especially between IV and III-a) indicate that not all values
of N are realized in nature. The “forbidden gap” corresponds to values of N that cannot arise
spontaneously (e.g., during stellar collapse) but can be reached through mergers (Principle 4b of
the classifier). The role of the active boundary of the Universe—the Super-Tensed Gravitational
Wave (SGW)—in this context is to set boundary conditions for the distribution of N; and to
determine the maximum possible N for the current cycle. A more detailed investigation of the

connection between mass quantization and SGW dynamics is left for future work.

3 Discrete Source in Einstein’s Equation

The classical Einstein equation is:

81
G = — T (2)



Strictly speaking, Einstein’s equation remains continuous in UWCM. However, the energy-
momentum tensor acquires a discrete structure reflecting mass quantization. Below, we show
how this appears in the simplest case of dust-like matter. Full discretization of the left-hand
side (the Einstein tensor) is a task for the future and is discussed in [2026h].

In UWCM, the energy-momentum tensor is replaced by a sum over Stratum nodes with
integer N;:

T, (x) = mpc? Z N; 6®)(x — x;) uﬁ)u(j). (3)

Substituting into Einstein’s equation:

Gu(r) = %mpc ZN 6B (x — X;) U, (0,00, (4)
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Simplifying: S“Gmp = 87lp, since [p = Gmp/c? is the Planck length. Thus, we obtain:

G (z) = 8rlp Z N, 6G) (x — x;) uff)u,(,i) ) (5)

Note on dimensions: The left-hand side G, has dimension m~2. The right-hand side: Ip
(m) x §® (m™®) x dimensionless quantities = m~2. The dimensions match.

Consequences:

1. Geometry is created by discrete nodes. Continuous matter distribution is an approxima-

tion for large V.

2. Singularities are smoothed. For N ~ 1 (micro black holes), the metric is non-singular—the

minimal scale is Ip.

3. Classical GR is recovered in the limit N — oo, Y=, N;0® — p(x).

4 Corrections to the Schwarzschild Metric

For an isolated non-rotating black hole with mass M = N - mp, the classical Schwarzschild

metric is:

20GM 2G M\ !
d52z—<1— G )cht2+(1— G ) r? + 12d02. (6)

cr
In UWCM, the gravitational radius is quantized:

c? c?

= N - (2lp) = 2Nlp. (7)

c

Prediction: The event horizon of a black hole can only be located at distances that are
multiples of 2{p. For macroscopic black holes (N > 1) this is unnoticeable, but for micro black
holes (N ~ 1) the effect should be significant.



The Schwarzschild metric with discrete R, can be written as:

2N1 2NIp\
ds* = — (1 - P) Adt* + (1 - P) dr® + r*dQ°. (8)

T r

As r — 2Nlp, the metric is non-singular in the classical sense, since r cannot be less than

Nlp (discreteness of space). This is a natural cutoff that resolves the singularity problem.

5 Testable Predictions

5.1 Forbidden Mass Gap

The classifier predicts that black holes with masses 103 — 10° M, cannot form spontaneously.
They are only possible as the result of mergers. If future observations (JWST, DESI, Euclid)
discover a black hole in this range without traces of a recent merger, the classifier (and mass

quantization) will require revision.

5.2 Black Hole Mergers (LIGO/Virgo/KAGRA) and the Problem of

Class Transitions

Principle 4b of the classifier implies that the merger of two local anchors (IV) produces an object
whose mass is the sum of the masses minus losses to gravitational waves: N,ow = N1+ No—AN.
If Ny, Ny are at the upper boundary of IV (N ~ 4.6 x 10?), then Nyeyw ~ 9.2x10% — AN—still
within IV or at its upper boundary. To reach class I1I-a (mass ~ 10Mg, N ~ 10'3), one would
need initial objects with N ~ 10, which themselves lie in the forbidden gap. This creates a
circular problem.
Open question: What is the exact mechanism for the formation of class III-a objects?

Possibilities include:

e Multiple sequential mergers of class IV objects (chain IV — IVt — IVtT — ) each

leaving signatures in the gravitational-wave signal.
e Accretion of matter allowing an object to “jump” the forbidden gap without mergers.

e Participation of objects that have already exited the forbidden gap via accretion in the

past.

Detailed modeling of these processes is beyond the scope of this work. At present, the
classifier records an empirical gap rather than fully explaining it.

Prediction for observations: LIGO/Virgo should not register mergers resulting in black
holes with masses 10® — 105M, unless those mergers were preceded by a chain of events
that left anomalous signatures (e.g., unusual gravitational-wave frequency or residual orbital

eccentricity).



5.3 Quantization of Entropy and Temperature

From the classical Bekenstein-Hawking formulas:

hCS Tp

A 2
S= gz =4rN°,  Ty=o = 9)

TR

Entropy and temperature are quantized. As a black hole evaporates, it loses mass discretely:
AM = mp, AE = FEp.

Prediction: The Hawking radiation spectrum for micro black holes (N ~ 1) should be
discrete, which may manifest as a series of characteristic gamma-ray bursts at the end of the
hole’s life. The photon energy will be on the order of Ep ~ 10! GeV, which is inaccessible to

current gamma-ray telescopes but may be accessible to future observatories.

5.4 Super-Active Anchors and Neutrinos: The ID830 Example

Super-active anchors (Class II) are in the regime of maximum energy and information transfer
to the SGW. This should be accompanied by neutrino generation as agents of transfer.
Recent data on ID830 (Obuchi et al. 2026, Nature Astronomy) are fully consistent with

this picture:
e Mass 4.4 x 10® M, redshift z = 3.4351.
e Super-Eddington accretion A = 12.8 & 3.9—exceeding the limit by a factor of 13.

e Simultaneous presence of powerful jets and an X-ray corona, which is considered anoma-

lous in standard models.

In the standard model, this is explained as a “rare transitional phase” lasting ~ 300 years.
In UWCM, this is the expected operating regime of a transfer node. The anomalously high
accretion rate is not a violation of the limit but an indication that a significant portion of the
energy goes not into heating and radiation but directly into the Stratum framework and the
SGW. The jets are a visualization of the communication channel with the SGW, and the X-rays
are heating of the Infill.

Prediction for ID830 and similar objects: A correlation is expected between bursts of X-
ray/radio emission and fluxes of high-energy neutrinos. Detection of such a correlation would
be a strong argument in favor of interpreting ID830 as a node of energy transfer to the SGW.

Absence of correlation (given sufficient data) would be a problem for the model.

6 Connection to Observational Programs

7 Conclusion

This work has shown that the black hole classifier [2026d|—empirical support for UWCM—is

naturally interpreted as a consequence of mass quantization arising from the discrete structure
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Table 2: Observational tests.

Program What it tests Expected result
JWST, DESI, Euclid Forbidden mass gap Absence of
black  holes  with
M € [103,10°] M in
quiescent conditions
LIGO/Virgo/KAGRA Mergers and class | Absence of direct IV
transitions — IIl-a transitions;
only multiple mergers
with anomalous signa-
tures possible
[ceCube, KM3NeT Neutrino correlations | Super-active anchors
(Class II, including
ID830) should be ac-
companied by neu-
trino bursts

Future gamma-ray observatories | Micro black hole evap- | Discrete = gamma-ray
oration burst spectrum at end
of life

of the Stratum: M = N - mp. The ranges of N correspond to the classes, and the “forbidden
gap” corresponds to values of N that are not attainable spontaneously.

On this basis, a bridge to GR has been constructed: a discrete source in Einstein’s equation
has been presented, corrections to the Schwarzschild metric for black holes with finite N have
been obtained, and testable predictions have been formulated for LIGO/Virgo, JWST, DESI,
Euclid, and neutrino and gamma-ray observatories. Recent data on the super-active anchor
ID830 are fully consistent with the model’s predictions and demonstrate its explanatory power.

This work represents a first step toward the formalization of UWCM. The classifier + mass
quantization + bridge to GR constitute the first mathematical layer of the model, open for

further development and empirical testing.
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1 BBenenme

B pab6ote [2026d| npezcraBien kiraccuduraTop 9€pHBIX JIBIP Kak skopeit [liacra — smmupn-
Jeckas noepxkka Ennnoit Boimnosoit Koemosnorngeckoit Mogenn (EBKM). Kiraccudukarop

OCHOBaH Ha H&6JHO)1&T€JIBHBIX JAaHHBIX 1 BbIJEJIAET YeThIpe KJjlacca 0OBLEKTOB:

e Kuacc I (ITaccuBubie sikops): M > 5 x 101°M,, orcyrcreue akkperun, Hu3Kas 1710T-

nocth (p < 0.01 xr/m?). Ilpumepsr: Ton 618, Phoenix A.

e Kutacc Il (Csepx-akTuBHble sikopsi): M ~ 10% — 10'°M,), cepx-s1uHrTOHOBCKAST

akkperusi (A > 3), momtuble jikeThl. [Tpumepsr: ID830, SMSS J1144.

e Kutacc IIT (IlTtarabie skops): M ~ 10° — 109M,,, ymepennag akkpenus (0.01 < \ <
1), tpu noxpkiacca (I11-a, III-b, I11I-¢) o macce u maoraoctu. Ipumeps:: CEERS 1019,
UHZ1, SAGE 2137,

e Kuacc IV (Jlokasbuble akops): M ~ 3—10%M), 3é311ble YépHble JAbIpbl. IIpunvepsr:
TeGes X-1, GW190521.

KimroueBoe nabmoeHne KiaaccudukaTopa — «3alperiéHHas 30Hay Macc: OTCYTCTBUAE YEPHDBIX
JbIp ¢ Maccamu 103 — 10° My B criokoifHbIx yesaosustx (6e3 ciiejloB HeJaBHUX CAMAHHMiL). DTo
SMIMPUIECKOE IIPABUIO HE MMeeT OObsSICHEHUSI B CTAHIAPTHON acTpodu3nKe, HO €CTECTBEHHO

BhITeKaeT n3 ontosjornu EBKM, ec/im mpuHATH KBAaHTOBaHUE MAaCChI.

1.1 KBaHTOBaHnMe Macchl B (pu3mMKe: NCTOPHUsI BOIIPOCA

Nnest o Tom, uro Macca MoxKeT ObITh KBaHTOBaHa, He HOBa. B CrangapTHOl Mojen (pusukn
9JIEMEHTAPHBIX YACTUI] MaCChl (DYHIAMEHTAIbHBIX YACTUI] HE BBIBOJSTCH U3 IEPBBIX ITPUHITH-
OB, & BBOJSTCS KaK IOJNOHOYHBIE HapaMerpbl (OKOJO 18 KOHCTAHT). DTO YacTo HA3bIBAIOT
«1pobsiemoit 14 I'muzbyprar — orcyTcrBUEeM OObLICHEHUS CIEKTPA MacCC.

B Teoperuueckoit pusuke mpeanpuHUMAINCE PA3JIMIHBIC TONBITKA PEIIUTh Ty ITPOOJIe-
my. B rpynnoseix nogxogax (aamnpumep, Bapaamos, 2023) npejiaraeTcs CBsi3bIBaTh JIUCKPET-
Hble 3HAYEHUsI MacC ¢ COOCTBEHHBIMH 3HaYeHUsiMEH onepaTopoB Kasumupa rpymimsl Jlopenia.
B smepkenTHbIx nojxoaax (Zenczykowski, 2015) kBaHTOBaHME MAaCChl PACCMATPUBAECTCS KaK
CJIeJICTBAE KBAHTOBAHUs CaMOro IpocTpaHcTBa-BpeMeHn. OIHAKO HU OJIMH U3 TUX ITOJIXO0JIOB
He TPUBI3aH K KOHKPETHOMY (DU3WUIECKOMY HOCHUTEII0 U He JTaéT €INHOI IKaJIbl KBaHTOBa-
HUs, oxBarbiBatoONeil 40 MOPAIKOB BEJIMYUHBI — OT IIJIAHKOBCKOI MACCHI JI0 MAaCC CKOILIEHUI
rajlakTHK.

B pamkax O6reit reopun oraocurensroctr (OTO) Macca BXOIUT KaK HENMpepbIBHBII mapa-
metp. KBantoBanue maccet B OTO 00BIMHO CBA3BIBAIOT ¢ TUIIOTETUIECKUMU «MUKPO-IEPHBIMUI
JIBIpaMU» IJIAHKOBCKON MAacChl, HO MX CYIIECTBOBAHUE HE IMOJTBEPKJICHO, & UX 00pa30BaHUE B

CTaH/JapPTHLIX CIIeHapHuAX MaJIOBEPOATHO.
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EBKM mnpemaraer unoit myts. BmecTo Toro 4rods! moctysimpoBaTh KBaHTOBaHUE Macchl ad
hoc, ona BeIBOIUT ero mu3 JuckpeTHoil cTpykTypbl [Lracra: KaxKplii y3ea cetn nMeer (PUKCH-
POBAHHYIO INIAHKOBCKYIO MaccCy Mmp, a JI000H MaKPOCKOIMYECKNN 0OBEKT COCTOUT W3 IIEJIOr0
qucya N TaKuxX y3/10B. DTO JaéT eCTeCTBEHHYIO MKAJIY KBAHTOBAHUS, OXBATHIBAIOIILYIO BCE MaC-
mTadbl, U, KaK MOKA3aHO HUYKE, HAXOJIUT SMIIMPUIECKYIO TOJIEPXKKY B BHJE KJiaccudukaTropa

9épHBIX BIp [2026d).

2 KBaHTOBaHme Macchl Kak cJjejcTtBue onTtojornu EBKM

B EBKM dynnamentanabnas cTpykrypa peaabnoctu — [Lmact — npejicraBiisger coboii TUCKpeT-
HYIO CeThb Y3JI0B, KayK/Iblil U3 KOTOPBIX UMeeT IJIaHKOBCKYIO Maccy mp = 1/hc/G ~ 2.18 x 1078
Kr. AkTuBanus y3sia (mepexoj ero B cocrosiune «HarmosHernes ) go6aBisier 9Ty Maccy B Mak-
POCKOIIMYIECKHUIT OOBbEKT. ¥Y3JIbl HE JIEJIATCS, TTOITOMY Macca JIFoOoro o0beKTa, COCTOLAIIETro U3
AKTUBUPOBAHHBIX y3JI0B, KpaTHA Mp:

M:N-mp, N e N. (1)

Takum obpa3oM, KBAHTOBaHUWE MacChl — He JIOMOJHUTEJIbHOE IPEJIOJIOKEeHNe, a IPAMOe
CJIEJICTBUE JUCKPETHOU cTPYKTyphI [Lacra.

Baxno nomuepknayTh: B pamkax EBKM kBanToBanme maccet M = N - mp gaBagercd mo-
CTYJIATOM, BBITEKAIOMINM 13 UCKpeTHO npuposl [Lnacta. Ono He BbIBOUTCA U3 OoJiee DyH-
JIAMEHTAJIBHBIX TTPUHIIAIIOB MOJIEJIH, & IPUHUMAETCS KakK €€ 6a30BOe CBOMCTBO. DMITUPUICCKIM
0BOCHOBAHKMEM JTOTO TIOCTYJIATA CJIYKUT KJaccuduKarop 46pHbIX Jbp [2026d]|, nemoncTpupy-
IOIUil eCTeCTBEHHOE paziesienre HabJII0/IaeMbIX OObEKTOB Ha KJIACCHI ¢ YETKUMU T'PAHUIIAMHE 110
Macce.

Kaxiomy kitaccy u3 KjiaccudukaTopa COOTBETCTBYeT onpejieaéHubiil quana3zon N (Tabiu-

ma 1).

Tabmuna 1: Iuanasonsr N = M/mp jjist KIaccoB Y€PHBIX JBID.

Kiracc Huanazon macc M (M) Huanazon N

I > 5 x 10%0 > 2.3 x 1018

II 108 — 10 4.6 x 101° — 4.6 x 1017
[II-a 108 — 107 4.6 x 10" — 4.6 x 10*
III-b 107 — 108 4.6 x 10" — 4.6 x 10%
[II-c 108 — 10° 4.6 x 10' — 4.6 x 106
v 3 — 102 1.4 x 108 — 4.6 x 10°
Barnpeniénnas 30Ha 10% — 10° 4.6 x 1019 — 4.6 x 10'2

Paszpoisbr Mexk 1y juanazonamu (ocobenno mexy IV u I11-a) ykasbiBaior Ha TO, 9TO He BCe
N peanuzytorcs B npupojie. «3anperiénnas 30Ha» COOTBETCTBYeT 3HadeHusAM [N, KOTOPbIe He
MOTYT BO3HUKHYTH CIOHTAHHO (HAIIPHMED, IPU KOJJIAIICE 3B€3/IbI), HO MOTYT OBITH JIOCTHUIHY-
o1 npu caustHugx (I[Ipuanun 4b kinaccudukaropa). Posb aktupnoil rpanunb Beesernnoit —

Ceepxnanpsizkéanoit ['pasuraronnoii Bosasl (CI'B) — B JaHHOM KOHTEKCTE 3aKII0YaeTCsl B
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3aJIlaHUN T'PAHUYHBIX YCJIOBUM I pacupejeaenud N; U Oolpejie/IeHU MaKCUMaJILHO BO3MOXK-
Horo N Jj1d TeKyIIero nukJja. boJiee jieTajbHOE MCC/IeJOBAHNE CBA3W KBAHTOBAHUSA MACCHI C

muaamukoit CI'B ocrasisiercs jist ciremyronux paboT.

3 /IuckpeTHbII UICTOYHUK B YpaBHEHUN DWHMIITEiHA

Kitaccuaeckoe ypasuenue QDitHinTeina:

81G
Guy - _Tuy' (2)

A

Crporo roeopsi, ypasuenue Jitnmreitna ocraércs B EBKM menpepwiBabiM. O1HaKO TEH30D
SHEPTUH-UMITYJIHCA TPUOOPETAET JUCKPETHYIO CTPYKTYPY, OTParKaIOIyI0 KBAHTOBAHIE MAaCCHI.
Huzke nokazano, Kak 9TO BBIIVISJIUT B IIPOCTeEiiIeM ciry4ae nblieBuiHoit marepun. [lormas auc-
KpeTn3alusd JIECBON 9acTu (TeH30pa SP’IHMTeI‘?IHa) sIBJIAETCA 3a/1adeil Ha Oy/ryIee U 00Cy K IaeTcs
B pabote [2026h].

B EBKM tenzop sneprun-nMmirysibca 3aMeHgeTcs cyMMoit 1o y3iaM [lnacra ¢ nestounciien-

HBIMU V;:

T, (x) = mpc? Z N; 6O (x — x;) ul(f)u(yi). (3)

[loscraBiss B ypaBHenune DiHIITEHHA:

8¢ N
Gu(r) = 7mPCQZNZ~ 5(3)(x—x,~)ul&)u£). (4)
Yupornas: 8”?# = 87lp, TaKk Kak [p = Gmp/c* — mnankosckas JymHa. Takum o6paszom,
[IOJTY IaEM:
G (z) = 8rlp Z N; 0¥ (x — x;) uif)u(j) : (5)

Ipumevarnue o pasmepnocmu: Jlesas wacth G, umeer pasmepnoctb M~ 2. [Ipasas 4acth:
Ip (M) x 08 (M™3) x GespasMepHble BeTmYUHBI = M~ 2. PasMepHoCTH cXousaTc.

CiencrBusda:

1. Teomerpus co3maércs JTUCKPETHBIMU y3jamu. HempepbiBHOe pacripejie/ieHre MaTepuu —

npuOmzKenue st 60bmmx V.

2. CunrynspHoctu criaaxkusatorcs. [Ipu N ~ 1 (MEKpO-4EépHBIE JBIPbI) METPHKA HE CHHTY-

JISIpHA — MUHUMAJIBHBIH MaciiTad [p.

3. Knacenueckag OTO Boccramapimupaercs B npegene N — 0o, >, Nid® — p(x).
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4 Ilonpasku K merpuke IlIBapunmibiaa

st m3o/IMpoBaHHON HeBpalllatomieiicss 9€pHoit JbIpbl ¢ Maccoit M = N - mp Kiaccudeckas

MeTpuka IIBapiimmibia uMeeT B

2G M 2GM\ !
ds? = — (1 — G ) Adt? + (1 — g—r) dr?® + r?dQ?. (6)

c2r

B EBKM rpasutanuonublii pajuyc KBAaHTOBAH:

C & C

R,

— N - (2lp) = 2Nlp. (7)

IIpedckaszarue: TOpusoHT COOBITUI YEPHON JIBIPHI MOYKET HAXOIAMTHCS TOJBKO Ha PaCCTOsI-
HUSIX, KpaTHBIX 20p. Jljis Makpockonuaeckux 46pHbIX Jbp (N >> 1) 910 He3aMeTHO, HO s
MuKpo-H/1 (N ~ 1) sdbderr mo/KeH ObITh 3HATUTETHHBIM.

[TonpaBka K MeTpuKe 151 MaJIbIX [V:

2N INIp\
ds* = — (1 - P) cdt® + (1 - P) dr® + r*dQ?. (8)

T r

[Ipu r — 2Nlp MeTpuKa He CHHI'YJIsIpHA B KJIACCHYIECKOM CMBICIE, TaK KaK 7 HE MOXKET
ObiTh MeHbIe Nip (JUCKPETHOCTH MPOCTPAHCTBA). DTO ecTeCTBeHHOe 0Ope3aHue, CHUMAIIee

1pobJIeMy CUHTYJIIPHOCTH.

5 IIpoBepsiemble mpeacka3aHUdd

5.1 3amperéHHass 30HA MaccC

KiaccudukaTop IpecKasbiBaeT, 9To 4épHble JAbIphl ¢ Maccamu 10% — 105 M me moryT obpaso-
BaTbCsl CIIOHTAHHO. OHU BO3MOYKHBI TOJIBKO KaK Pe3y/IbTaT Caugauii. K B Oyaymux HabIIro-
nennsx (JWST, DESI, Euclid) 6yner obHapy»kena uéphasi Jblpa B 9TOM Juara3one 6e3 cjie10B

HEJIABHErO CIMsIHUS, KIaccuukarop (1 KBAHTOBAHUE MACChl) HOTPEBYIOT MEepecMOTpa.

5.2 Cuusaus uépubix abip (LIGO/Virgo/KAGRA) u npobGiiema ne-

pPexoaoB MexKJ1y KJiaCcCaMn

U3 npunnuna 4b knaccudukaropa cieyer, 9To CAUsHAE JIBYX JOKAJIbHbIX sikopeil (IV) maér
00bEKT, Macca KOTOPOTO paBHA CyMMe MacC 3a BBIYETOM IOTEPh HA I'PABUTAIMOHHBIC BOJIHBI:
Npew = N1+ Ny — AN.

Eciu Ny, Ny naxozsites Ha Bepxueil rpanute IV (N ~ 4.6 x 109), TO Npew ~ 9.2 x 107 — AN
— Bcé emé B mpenenax IV wim Ha ero BepxHeit rpanuie. Urtobsl monacts B Kiaace [1I-a (c
maccoit ~ 10Mg, N ~ 10'3), norpe6osamuck 661 ncxoaubie 0obexTol ¢ N ~ 1013, kotopnie

CaMM HAXOJATCS B «3AIPENIEHHON 30HE». DTO CO3/IAET MOPOIHBINA KPYT.
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Omxpumuti sonpoc: KakoB Tounbiil Mexanu3M (popmuposanus 00bekToB Kiaacca [11-a? Bos-

MO2KHO, OH BKJIIOYaeT:

e MHOrOKpaTHbIE TI0CII0BATEIbHbIE CusHIs 00HekToB Kiaacca [V (nenouka IV — IV —

VTt — . ..), KazKJi0€e U3 KOTOPBIX OCTABJIAET CJIeJIbl B TPABUTAIIMOHHO-BOJIHOBOM CUTHAJIE.

e AKKpEIMIO BENeCcTBa, MO3BOJISIONIYI0 OObEKTY <«IepeIarHyThy 3alperéHnyo 30Hy, He

HpI/I6eI‘aH K CIIMAHMAM.

e YuacTrue 00BbEKTOB, KOTOPBIE YK€ BBINLIM U3 3AIPEIIEHHON 30HBI 38 CUET aKKPEIUu B

ITPOTILTIOM.

JleTabHoe MOJIeTMpOBaHUE STUX MIPOIECCOB BLIXOUT 3a PaAMKHU JaHHOM paboThl. Ha maHubrit
MOMEHT KJjaccuukaTop (UKCUPYeT SIMIUPUIECKII pa3pbIB, a He 00bICHSIET €ro MOJTHOCTDIO.
IIpedcrasarue das nabarodernut: LIGO/Virgo He J0/KHBI PErMCTPUPOBATH CJIMSIHUSI, Pe-
3yJIBTATOM KOTOPBIX CTaHOBSATCA 4épHBIe AbIphl ¢ Maccamu 10° — 10° Mg, ecim TOJIBLKO 3TUM
CJIUSHUSIM HE TIPEJIIIeCTBOBAJIA eMOYKa COOBITHIA, OCTABUBINNX AHOMAJbHBIE CUTHATYDHI (Ha-

puMep, HeOObIYHAST TaCTOTA TPABUTAIMOHHBIX BOJIH UJIM OCTATOYHAST SKCIEHTPUCUTET OPOUTHI ).

5.3 KBaHTOBaHME HTPONNHN W TeMIEPATYPhI

N3 kiraccuueckux popmyst bekenrrreiina- Xokuara:

th Tp

S T 87GM 8N

— 47 N2, Ty (9)
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DHTpONNA U TeMIeparypa KBaHTOBaHbI. [Ipu ucrapernn 9€pHasi IbIpa TepsieT Maccy JInc-
kperao: AM = mp, AE = Ep.

IIpedckasanue: Cuexrp uzinydenusi Xokunra jijig MUKpo-IJI (N ~ 1) goszkeH ObITh juc-
KPETHBIM, YTO MOYKET MPOABUTHCA B BUJIE CEPUU XapPaKTEPHDBIX BCIBIIIEK B TaMMa-UAlla30He B
KOHIIE »KM3HU TaKoil JBIpBl. Dueprus GpoToHoB OyieT nopsaka Ep ~ 10 I'sB, uto memocTu-
JKUMO JIJIsT COBPEMEHHBIX FaMMa-TeJJIeCKOIIOB, HO MOYKET ObITh JOCTYITHO JJjIsd OyayIux obcepBa-

TOPUIA.

5.4 (CBepx-aKTuUBHBIE sIKOps 1 HeiiTpuHO: mpuMmep 1D830

Crepx-aktusnble sikops (Kimace II) maxongrcs B pexkuMe MaKCHMAJIBHOMN TI€peatdn SHEPIUn 1
nadopmaryn B CI'B. 9To 10/12KHO COPOBOXKIATECS IeHepaliell HeITPUHO KaK areHTOB IIepe-
JIQH.

[Mocaemmne manusie mo ID830 (Obuchi et al. 2026, Nature Astronomy) moJgHOCTBIO coriacy-

IOTCS C 9TUM IIPEJICTaBJIEHNEM:
e Macca 4.4 x 10® My, xpacHoe cmemenne z = 3.4351.

o CBepx-3/JIMHITOHOBCKast akkperus A = 12.8 4+ 3.9 — npessbiiienne npejenna B 13 pas.
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® O,ZLHOBpelVIeHHOG HaJiIn49ue MOIIHBIX JI2KETOB U peHTFeHOBCKOﬁ KOPOHBI, 9TO B CTaHAaPTHBIX

MOJECJIAX CHUTaeTCA aHOMAJINEI.

B cranmaprHOil MOze 9T0 00bACHIAETCS KaK «pejKas IepexogaHas dpas3ay JJIUTeIbHOCTHIO
~ 300 ner. B EBKM 3510 o:kumaemblii peskuM pabOThI y3J1a repejadn. AHOMaJIbHO BBICOKAsI
CKOPOCTh aKKpPelun — He HapyllleHne Ipejelia, a MoKa3aTe b TOro, 9TO 3HAYUTETbHAS IaCTh
SHEPIUH YXOIWUT He B HAIPEB U U3JIydeHne, a Haupsamyio B Kapkac ILimacra u k CI'B. [Ixxers! npu
9TOM ABJISIOTCS BU3yaJsmsanueii kanasa ces3u ¢ CI'B, a penrren — narpesom Hamosinenust.

Ipedckasarue dan ID830 u nodobnuxr obsexmos: OKumaeTcss KOPPEISIIUs MeXKTy BCILIeC-
KaMU PEHTTeHOBCKOTO/ PaJINO-U3JIyIeHHs] U MOTOKAMHU BBICOKO3HEpreTHIecKnX Heiirpuno. O6-
Hapy>KeHne TaKON KOPPeJAlui CTaHeT CUJILHBIM apr'yMeHTOM B I10JIb3y mHTeprperarun 1D830
Kak y3sa nepeqadn sueprun B CI'B. OrcyrerBue xoppessiimn (Ipu HAJIAYUE JTOCTATOYHBIX

JIAHHBIX) Oys1eT pobJIeMOii J1JIst MOJIEJIH.

6 CBga3b c Hab/IOAATEILHBIMI IIPOrPaMMaMM

Tabmuma 2: HabsoaresbHble IPOBEPKU.

ITporpamma Yrto nmpoBepsieT Oxxunaembrii  pe-
3yJIbTaT

JWST, DESI, Euclid Banpeménnyio  3ony | Orcyrerue Y/ ¢

Mace M € [10%,105|M, B

CIIOKOWHBIX YCJIOBHAX

LIGO/Virgo/ KAGRA Ciusinust u nepexojibl | OTCyTCTBHE  MPSIMBIX

KJIaCCOB nepexogoB IV — III-

a; BO3MO2KHBI TOJIBKO
MHOT'OKpaTHbIEC CJIM-
HHUA C aHOMaJIbHBIMM

CUTHATYpPAMU
[ceCube, KM3NeT Hetitpunabsie koppe- | CBepx-aKTUBHBIE STKO-
JISTITHAT pa (Kmace 1II, Briro-

gasg 1D830) mosKHBL
COIIPOBOZK/IATHCS Heli-
TPUHHBIMU  BCILJIECKA-
MU

Bymaymme ramma-obcepBatopun | Vcnapenne — mukpo- | JluckperHbrit  crieKTp
Y1 raMMa-BCILIECKOB B
KOHIIE KI3HU

7 3akKJroudyeHue

B pabore mokazano, uro Kiaccuukarop 4épHbIX jbip [2026d| — smmumpuueckas mojiepxKKa

EBKM — ecrecTBeHHBIM 00pa30M UHTEPIPETUPYETCH KaK CJIeCTBUE KBAHTOBAHUS MACChI, BbI-
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TEeKaloIero u3 jauckpernoii crpykrypsl llitacrta: M = N - mp. /Inamazonst N cOOTBETCTBYIOT
KJIaccaM, a <«3allpeliénnas 30Hay — 3HadeHnaAM [N, HeJIOCTUKUMBIM CITOHTAHHO.

Ha sroit ocrore moctpoen moct k OTO: mpejicTaBieH MUCKPETHBIN UCTOYHUK B YPABHEHUT
DitHinTeitHa, MOJIyYeHbl monpaBku K Merpuke [IIBaprimuibiaa i 9EPHBIX JIBIP ¢ KOHEIHBIM
N, cdopmymmposanbl nposepsieMble npejckasanus s LIGO/Virgo, JWST, DESI, Euclid,
HEHTPUHHBIX U ramma-obcepsatopuii. [lociienaue nannbie 1Mo cBepx-akTuBHOMY AKOpio D830
MOJTHOCTBIO COTVIACYIOTC € TPEJICKA3aHUsIMI MOJIEJIA U JIEMOHCTPUPYIOT €€ 00bICHUTETHHYIO
CHUTY.

Pabora mpexacrapiasier coboit neppbiit mar K dopmanmsanun EBKM. Kiaccudukarop +
kBaHTOBaHMe Macchl + MocTHK K OTO 06pa3yroT mepBbiit MaTeMaTHIECKUIT CJION MOJIEIH, OT-

KPBITBIA JI7Is1 JAJIbHEHIIero pasBuUTUs U SMIIIPUIECKON ITPOBEPKH.
BaaromapaocTu

Astop 6srarogaput coobmectso EBKM 3a 06cy)ieHus 1 KpuTuKy.
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