© Black holes (BH), what's that? Different types of BH.
© How we see "invisible".

© BH by creation mechanisms.

@ Miracles in the sky. All BH = PBH?

@ Model of 1993 which predicted miracles observed now and led to
extended mass spectrum of PBH. Claim: DM=PBH, all or a part?

A.0. Donroe PBH 29 HioHs, 2020 1/ 60



Y/, 4Tto aTO Takoe.

DTO Tena CoO CTOJIb CUJIbHBIM MOJIEM TSHXKECTU, HTO M3 HUX HUYErO BbIIETETH He
moxeT. CaMy He CBETATCA 1 CBET He oTpa)katoT. ABCONIOTHO YepHbie.

Tak cumTanock paHee, 0.TCOAA U Ha3BaHMe.

MuTtuen (1784): moryT 6bITb Tena, ANs KOTOPbIX BTOPasi KOCMUYECKasi CKOPOCTb
bonblue ckopocTn ceeTa. HabntopeHnto HegocTynHbI.

"Her, pebsita, Bce He Tak. Bce He Tak, pebsital"(B. Beicoukuit)

CseueHnue (0OT) YepHbIX Ablp.

CornacHo npepcka3sanuio Xokuura (Hawking) 4épHbie abipbl ncnapsorcs n
ceetarca. [lpaBaa, 3TOro HUKTO Noka Ha BUAeN: Te YTO MOMIU UCMAPUTLCS, AAaBHO
UCMapWINCh a T€, YTO eCTb Ceivac, UMEeT (PaHTaCTNHECKN A0JITOe BPEMS XKU3HU.
YepHbie Abipbl 0bHapy>kmBatoT cebsi anekTpoMarHnTHeIM nsnydenuem (X rays) ot
NPUTArNBaeMOro BelecTBa (akKpeuumn), KOTOpoe pa3orpeBaeTcst 40 MUIMOHOB
rpagycos.

CamMble MOLLHbIE TOYEYHbIE NCTOYHUKIN n3Ny4YeHusi Bo Bcenennoli, kBasapbl,
KaXKAblii U3 KOTOPbLIX CBETUT, Kak ThICAYN raNakTUK, reHepUpyoTCs
CBEPXMACCUBHbIMU HYepHbiMu gbipamu. CusioT, noka He CbeaaT BCE BOKPYT.
CeepxMaccuBHasi, y)ke He CTOJIb XOpoLwo sugumas, Y/ octaetcs B nycTbiHe, Kak
HampuMep, YepHas ablpa B LeHTpe Haweil [anakTuku,
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Teopusi: TUNbI YepHbIX AbIP

General relativity predicts black hole existence.

Four possible types of BHs are described by 4 exact solutions of the General
Relativity Equations:

BH are characterized by 3 and only 3 parameters (hairs): mass M, electric
charge Q, and spina, 0 < a < 1.

If m., # 0, whatever tiny, electric hairs are absent, Coulomb field vanishes.
Schwarzschild (1916) Q = a = 0:

Reissner-Nordstrom (1916,1918), Q # O:

Kerr (1963) a # 0:

Kerr-Newman (1965) Q # 0, a # 0.
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Habnrogermne yepHbix abip.

TeopeTtunyeckasi 0bpaboTka HabntogaTaTeIbHLIX AAHHbBIX MO AKKPELMOHHOMY
nsnydernto. Akkpeuusi Ha ceepxmaccueryto Y/l - eqnHCTBEHHbIN N3BECTHBbINA
cnocob obbACHUTL U3/yYeHne KBa3apoB..

OueHka Macchl B LEHTpax rafakTuk no ABUKEHNIO 0OBLEKTOB BOKPYT
npegnonaraemoii 4/, Hanpumep, B LeHTpe Haweid [anakTukm.
['pasuTaumontoe nuHsnposaHne MACHO 1 BO3SMOXHbIX He O4EHb MACCUBHbIX
YepHbIx ablp, M < M.

Bce 3T mMeToapbl SIBASIOTCA KOCBEHHBIMUI, OHW MO3BOJISIOT ONPEAEINTL NNLLb
maccy BHyTpu Hebonbloro obbema. CornacHo teopuu, OTO, Tam gosxkHa 6bIT
Y. Ho ecTb ewe ckenTuku (TouHee bbinn), KOTOPbIE B 3TO HE BepsIT.

Celivac nonydeHbl nNpsiMble f0oKa3aTenbCTBa CywectsoBaHus Y/,
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MNpsimble gokasaTenscTea cywecteoBanme Y/ rpae. BosiHbl 1 "doto".

Peructpauust rpaBuTaumMoHHbIX BOMH OT CAUSHWA ABOWHONR cucTembl Y.
Haunydwas nogroHka k hopme curHana. npsiMo rOBOPUT, YTO CMUBAIOTCS WMEHHO
LIBAPLLUNIBbAOBCKIE YepHble Abipbl. /I3MepeHns No3BONSIOT onpesennTs Macchbl
obeunx HavanbHbix Y/, koHeyHoin Y n ux cnuHb.

Mepeas nposepka OTO ans cunbHbix noneii u HabnogaeMoe A0OKA3aTENLCTBO
cywecteoBaHus meTpuku LLsapuywmnbaal

®orvorpacusa Y. The Event Horizon Telescope Collaboration et al., First M87
Event Horizon Telescope Results. The Shadow of the Supermassive Black Hole.
The Astrophysical Journal Letters. April 10, 2019.

BH mass (6.5 4 0.7) - 109 M, giant elliptical galaxy M87, at 16.4 Mpc.
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Tunbl YepHbIX Ablp MO MexaHn3my hopMUpoBaHUNs

Tpw Tna YepHbIX AbIP: NEPBUHHBIE, aCTPOPUINYECKUE N POXKAEHHBIE aKKPELneii.

1.Actpodpusmnyeckune HA.

Konnanc 3se3abl, uspacxonosasuieli cBoe sinepHoe roptodee. Oxkngaemblie Macchbl
JOJKHBI HAYMHATBLCSA CPasy NOC/e MacC HeTPOHHbIX 3Be3f, T.e. okono 3M n
Bbiwe. BmecTto atoro Bugum, 4to: cnektp macc Y/l B Nanaktnke nmeet makcumym
npn M =~ 8 Mg c wupuHoii ~ (1 — 2)Mg.

PesynbtaTt HeoxmnaaHHblii. ObbsicHeHne B 0bbIYHO acTpodn3nKe HalaeHbl.

2. AKKPEUVOHHbITI MEXaHN3M, MPUTSXKEHNE K MAaCCUBHOMY 3apOAbiLLy.

B kaxxgoii 6onbwoii ranaktuke nmeetcs SMBH ¢ maccoli B Heckonbko
munnnonos mMacc Contua B cnupansHbix (Maeunbiii MyTb) 1 B Heckosbko
Munnnapgos M B 3ANUNTUYECKNX U JIMH30BUAHBIX.

OAHaKO N3BECTHbIE MEXaHU3Mbl aKKPELMU HELOCTAaTOYHO 3PPEKTUBHbLI AJIS
CO3JaHMNst TaKUX YyAuLl 33 BpeMs cyluecTBoBaHusi Bcenennoii, 14 ruraner.
Kpome Toro Haiigensl SMBH B o4eHb HEBOMbLINX rafiakTukax n gake B noyTu
MyCTOM MPOCTPAHCTBE. TyT BELLECTBA A1 AKKPELMUN SIBHO HELOCTATOYHO.
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Tunbl YepHbIX Ablp MO MexaHn3my hopMUpoBaHUNs

3. MNepeuunbie vepHble goipsl (MYJ) Moran Bo3HUKHYTL B paHHeld Bcenentoii B
no3Be3gHyto anoxy. The canonical picture: the density excess might accidentally
happen to be large dp/p ~ 1 at the cosmological horizon scale. Then this piece
would be inside its gravitational radius i.e. it becomes a BH and decouples from
the cosmological expansion. (Zeldovich and Novikov mechanism, elaborated later
by Carr and Hawking).

Usually this mechanism is assumed to create PBH with rather low masses and
with sharp almost delta-function mass spectrum.

A different mechanism (AD and J.Silk, 1993) could make PBH with masses
exceeding millions solar masses and with extended mass spectrum (log-normal).
Such form of the mass spectrum and similar ones, the so called extended spectra,
became quite popular nowadays.

PBH spins are normally very small, since vorticity perturbations in the early
universe are negligible.

A.0. Donroe PBH 29 HioHs, 2020 8 / 60



A bite of theory

SUSY motivated baryogenesis, Affleck and Dine (AD). In our version AD baryogenesis
could lead to baryon asymmetry of order of unity, much larger than the observed 1072,
but only in cosmologically small but possibly astronomically large bubbles with high 3
occupying a small fraction of the universe volume, while the rest of the universe has
normal 3 = 6 -1071°. The fundament of PBH creation is build at inflation by making
large isocurvature fluctuations at relatively small scales, with practically vanishing density
perturbations. Initial isocurvature perturbations are in chemical content of massless
quarks. Density perturbations are generated at the QCD phase transition, when mass
inside hotizon is close to 10M,.
The emerging universe looks like a piece of Swiss cheese, where holes are high baryonic
density objects occupying a minor fraction of the universe volume.
Log-normal mass spectrum with only 3 parameters: u, v, Mp:

dN

M u? exp [— In®(M/Mo,)],

where My =~ 10M,, as shown recently by A.D and K.Postnov, e-Print:
2004.11669 [astro-ph.CO], April 2020.
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Publication about PBH per year from B. Carr, Kashiwa Dec. 2019
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Gravitational waves from BH binaries

e Grav. waves from BH binaries, great discovery — great problems. GW discovery by
LIGO has proven that the sources of GW are most probably PBHs. see e.g. S.Blinnkov,
A.D., N.Porayko, K.Postnov, JCAP 1611 (2016), 036 "Solving puzzles of GW150914 by
primordial black holes,"

1. Origin of heavy BHs (~ 30M,); recently there appeared much more striking problem
of BH with M ~ 100M,

2. Formation of BH binaries from the original stellar binaries.

3. Low spins of the coalescing BHs .

1. Such BHs are believed to be created by massive star collapse, though a convincing
theory is still lacking.

To form so heavy BHs, the progenitors should have M > 100Mg and a low metal
abundance to avoid too much mass loss during the evolution. Such heavy stars might be
present in young star-forming galaxies but they are not observed in the necessary amount.
Primordial BH with the observed by LIGO masses may be easily created with sufficient
density.
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Gravitational waves from BH binaries

2. Formation of BH binaries. Stellar binaries were

formed from common interstellar gas clouds and are quite frequent in galaxies. If
BH is created through stellar collapse, a small non-sphericity results in a huge
velocity of the BH and the binary is destroyed. BH formation from Poplll stars and
subsequent formation of BH binaries with (36 4 29) M, is analyzed and found to
be negligible.

The problem of the binary formation is simply solved if the observed sources of
GWs are the binaries of primordial black holes. They were at rest in the comoving
volume, when inside horizon they are gravitationally attracted and and may loose
energy due to dynamical friction in the early universe. The probability to become
gravitationally bound is not small
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Gravitational waves from BH binaries

3. The low value of the BH spins in GW150914 and in almost all (except for three) other
events. It strongly constrains astrophysical BH formation from close binary systems.
Astrophysical BHs are expected to have considerable angular momentum, nevertheless
the dynamical formation of double massive low-spin BHs in dense stellar clusters is not
excluded, though difficult. On the other hand, PBH practically do not rotate because
vorticity perturbations in the early universe are vanishingly small.

However, individual PBH forming a binary initially rotating on elliptic orbit could gain
COLLINEAR spins about 0.1 - 0.3, rising with the PBH masses and eccentricity
(Postnov, Mitichkin, JCAP 1906 (2019) no.06, 044 arXiv:1904.00570; Postnov, Kuranov,
Mitichkin, Physics-Uspekhi vol. 62, No. 11, (2019), arXiv:1907.04218) . This result is in
agreement with the GW170729 LIGO event produced by the binary with masses 50 M,
and 30 M and and GW151216 (?). Earlier M. Mirbabayi, et al. (1901.05963) and V. De
Luca et al. (1903.01179D) much weaker angular momentum gain was obtained.

To summarize: each of the mentioned problems may be solved in the conventional
frameworks but it looks much simpler to assume that the LIGO sources are primordial.
Next: the observed chirp mass distribution strongly in favor of PBH.
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Gravitational waves from BH binaries. Chirp mass

Two rotating gravitationally bound massive bodies are known to emit gravitational waves.
If the back reaction is neglected, the radius of the orbit and the rotation frequency are
constant and the GW frequency is twice the rotation frequency. The luminosity of the
GW radiation is:

32 2 Mc Worb 10/8
L = ? mp; | —— 35— 9

Pl

where My, M> are the masses of two bodies in the binary system and M. is the so called
chirp mass:

M. — (Ml M2)3/5
c (M1 + M)1/5”°
and
Wi — Mi + M-
orb — m%lR:*
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Chirp mass distribution

A.D. Dolgov, A.G. Kuranov, N.A. Mitichkin, S. Porey, K.A. Postnov, O.S. Sazhina, and
I.V. Simkine On mass distribution of coalescing black holes, e-Print: 2005.00892
[astro-ph.CO], May, 2020.

The available data on the chirp mass distribution of the black holes in the coalescing
binaries in 01-03 LIGO/Virgo runs are analyzed and compared with theoretical
expectations based on the hypothesis that these black holes are primordial with
log-normal mass spectrum. The inferred best-fit mass spectrum parameters, My = 17M
and v = 0.9, fall within the theoretically expected range and shows excellent agreement
with observations. On the opposite, binary black hole models based on massive binary
star evolution require additional adjustments to reproduce the observed chirp mass
distribution.
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Chirp mass distribution

Model distribution Fppr (< M) with parameters Mo and v for two best
Kolmogorov-Smirnov tests.

Ks

0 10 20 30 40 50 60
M

EDF= empirical distribution function.
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Chirp mass distribution

Model distribution Fppr (< M) with parameters Mo and  for two best Van der
Waerden tests.

vdw

0.0

A.0. Donroe PBH 29 HioHs, 2020 17 / 60



Chirp mass distribution

Cumulative distributions F'(< M) for several astrophysical models of binary BH
coalescences.
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Bounds on PBHs-2017
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Puc.: Constraints on f(M) =pppr/ppn for a variety of evaporation (magenta), dynamical
(red), lensing (cyan), large-scale structure (green) and accretion (orange) effects associated with
PBHs; extragalactic y-rays from evaporation (EG) femtolensing of y-ray bursts (F), white-dwarf
explosions (WD), neutron-star capture (NS), Kepler microlensing of stars (K),
MACHO/EROS/OGLE microlensing of stars (ML), and quasar microlensing (broken line) (ML),
survival of a star cluster in Eridanus Il (E), wide-binary disruption (WB), dynamical friction on
halo objects (DF), millilensing of quasars (mLQ), generation of large-scale structure through
Poisson fluctuations (LSS), and accretion effects (WMAP, FIRAS), The accretion limits are
shown with broken lines since they are are highly model-dependent. All bounds have caveats.

[Carr et al, 2017.]
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Bounds on PBHs - B.Carr, F. Kuhnel arXiv:2006.02838, June 2020
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Puc.: Constraints on f(M) for a monochromatic mass function, from evaporations (red),
lensing (blue), gravitational waves (GW) (gray), dynamical effects (green), accretion (light blue),
CMB distortions (orange) and large-scale structure (purple). Evaporation limits from the
extragalactic gamma-ray background (EGB), the Voyager positron flux (V) and annihilation-line
radiation from the Galactic centre (GC). Lensing limits from microlensing of supernovae (SN)
and of stars in M31 by Subaru (HSC), the Magellanic Clouds by EROS and (EM) and the
Galactic bulge by OGLE (O). Dynamical limits from wide binaries (WB), star clusters in Eridanus
Il (E), halo dynamical friction (DF), galaxy tidal distortions (G), heating of stars in the Galactic
disk (DH) and the CMB dipole (CMB). Large scale structure constraints(LSS). Accretion limits
from X-ray binaries (XB) and Planck measurements of CMB distortions (PA). The incredulity
limits (IL) correspond to one PBH per relevant environment (galaxy, cluster, Universe). There are
four mass windows (A, B, C, D) in which PBHs could have an appreciable density.
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MY kak TemHas maTepus

Review on PBH: Bernard Carr, Florian Kuhnel Primordial Black Holes as Dark Matter:
Recent Developments arXiv:2006.02838 [astro-ph.CO] June, 2020
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3aragkun coBpemenHoit Becenennoii n M4/

3a nocnepHee gecstuneTue, baarogaps HOBLIM BbICOKOTOYHBIM aCTPOHOMUYECKUM
WHCTPYMeHTaM BbINO CAENaHO HeoXMAaHHOe OTKpbITHE - BO BeenenHoii
"xneeT"BEIMKOE MHOXECTBO MACCUBHbIX YEPHbLIX Ablp, CPEAU KOTOPbIX:
CBEPXMACCNBHbIE YEPHbIE bIPbl C MAaCCaMy B MHOMVE MUJIIVIOHBI UAW [AXe B
pecatb Munnmapgos macc Connua (SMBH), M ~ 101°Mg;

Y/, npomexyTouroii maccsl (IMBH) ¢ maccamu (103 — 10°) M);

a TakXKe MPOCTO MACCUBHbIE YepHble fblpbl C Maccamu B gecstku M.
Mponcxoxgerne Taknx Y/ vescro. B obwenpunsToii Teopun ux nmubo, Boobuye,
HE [O/KHO BbiTb, MO0 OHUN AOMXKHbBI ObITh BECbMa peakuMun obbekTaMu BO
Bcenennoii. Kpome stux Y/, obHapyxeH bonbwioin psg acTpousnyecknx
0bBbEKTOB, KOTOPbLIX BOODLLE HE JO/KHO BbITb COMNACHO HALIWM MPEACTaBIEHNSIM,
B 4aCTHOCTH,

e cauwkoM beicTpble 3Be3abl B [anakTuke,

e OuyeHb CTapble 3Be3[bl, O4HA U3 KOTOPbLIX Aaxke cTaplue, Yem Bcenennas(!7?),

e MACHOs = Massive Astrophysical Halo Objects - 3To HeBuanMble KOMNakTHbIE
Tena ¢ maccoii okosio 0.5 M), Habntogaemble Kak rpaBUTaLNOHHBIE MUKPOSNH3bI.
O63op: Al, Y®H, N° 1000, 2018.
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Universe today, MACHOs

e MACHOs: discovered through gravitational microlensing by Macho and Eros groups.
They are invisible (very weakly luminous or even non-luminous) objects with masses
about a half of the solar mass in the Galactic halo, in the center of the Galaxy, and
recently in the Andromeda (M31) galaxy. Their density is significantly greater than the
density expected from the known low luminosity stars and the BH of similar mass.

f = mass ratio of MACHOS to DM.

Macho group: 0.08 < f < 0.50 (95% CL) for 0.15Mg < M < 0.9M;

EROS: f < 0.2, 0.15Mg < M < 0.9Mgp;

EROS2:f < 0.1, 107 %My < M < Mg,

AGAPE: 0.2 < f < 0.9,

for 0.15Mg < M < 0.9Mg;

EROS-2 and OGLE: f < 0.1 for M ~ 10_2M@ and

f < 0.2 for ~ 0.5Mg.

MACHOs surely exist but who are they is not known.

Jannble npotnsope4unssl. MoxeT 6biTs, MAHO 0bpasytoT knactepbl 1 nx BUAST Tam rge
OHU ecTb?
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Universe today

Contemporary universe, tyy = 14.6 - 10° years.

Every large galaxy contains a central supermassive BH with mass larger than

10° M, in giant elliptical and compact lenticular galaxies and ~ 10° M, in spiral
galaxies like Milky Way.

The origin of these BHs is not understood. Accepted belief is that these BHs are
created by matter accretion to a central seed. But, the usual accretion efficiency
is insufficient to create them during the Universe life-time, 14 Gyr.

Even more puzzling: SMHBs are observed in very small galaxies and even in
almost EMPTY space, where no material to make a SMBH can be found.

OueHka Temna akkpeunn B coBpemenHoli Becenennoii:. A Cool Accretion Disk
around the Galactic Centre Black Hole, E.M. Murchikova, et al Nature 570, 83
(2019): Building up a supermassive black hole SgrA* with the mass

~ 4 X 108 M, residing at the centre of our galaxy. within the ~ 1010 year
lifetime of our galaxy would require a mean accretion rate of 4 x 10=%M, per
year. At present, X-ray observations constrain the rate of hot gas accretion to

M ~ 3 x 10~ 6M@ per year and polarization measurements constrain it near the
event horizon to Mho”zon ~ 10~ 8M@/yr.

The universe age is short by two orders of magnitude.
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MNpobaembl Mmosogoii Becenennoii

HepasHue oTkpbiTUsi Katactpodudeckn ycyrybunu kpusnc. Bbino obHapyxero,
4yTo Monopasi BceneHnHasi npu KpacHbiX cMelLeHnsx nopsigka z ~ 5 — 10, T.e.
Byay4m BCEro OT COTHM MUJUIMOHOB O MUJSIMApAa NieT oT pogy, bbina nioTHO
3acefieHa SIPKUMU raNakTUKamu, KBa3apamul, CBEPXHOBBIMU U YXKacHa MblibHa.
Bbino oTkpbiTo MHOXecTBO (0Ko10 50) KBa3apoB, CBETUMOCTbL KOTOPbIX OTBEHAET
Y1 ¢ maccamn B munnuapgel macc CosHua v faxke oguH KBasap C Maccoi

B 12 munnnapgos macc Connua. Jns ux co3gaHusi HyXKHbl TsKeSble 3apOAbILLIN.
"YT106bI NONYYNTL CNOHOB, HY>XXHbI crioHsiTa."Ho rae »e nx B3sTh?

CornacHo HegaBHUM pe3ynbTaTtam, "cnoHarta" gomkHbl ObITb TPOMAAHBIMKU
M UX JOJIKHO ObITb ropa3go bonble, Yem Mbl BugMmM (CM. crefyioLyto
cTpaHuuy).

Ouenka Temna akkpeuun npu z = 7.5: M.A. Latif, M Volonteri, J.H. Wise,
[1801.07685] MBH accretes only about 2200 M, during 320 Myr.
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MNpobaembl Mmosogoii Becenennoii

Anna-Christina Eilers, et al, arXiv:2002.01811 [astro-ph.GA] and Aspen Colloquium
June 23, "Multi-Wavelength Approach for Detecting and Characterizing Young
Quasars |: Systemic Redshifts and Proximity Zones Measurements".

In a multi-wavelength survey of 13 quasars at 5.8 < z < 6.5, we find five objects with
extremely small proximity zone sizes that may imply UV-luminous lifetimes of < 100,000
years. Proximity zones are regions of enhanced transmitted flux in the vicinity of the
quasars that are sensitive to the quasars’ lifetimes because the intergalactic gas has a
finite response time to their radiation.

OueHb KOPOTKMII NEpUOS aKTUBHOCTM KBa3apoB O3HAYAET, YTO BUAHA NUWb HeBONbLIYIO
nx vactb, 1073 — 1074, Poxpaerne ctonb 6oblLoOro KoAM4YeCcTBa KBa3apos BO
BcenenHoli, koTopasi bbina nuwb NoAMUANMApAa IET OT POy, MHOTOKPaTHO ycyrybnsiet
npobnemy nepeHaceneHHoCTu paHHeli BcenenHoii.

Eilers, private communication: "Primordial black holes are definitely an interesting
potential solution, however, whether they can actually explain the black hole growth in
very short times, depends on how massive these initial primordial black holes would be.
To my knowledge, these primordial black holes are expected to be around 10° — 10° solar
masses, which is still not enough time, to grow a billion solar mass black hole in 10°
years. The primordial black holes would need to be of the order of 10® to almost 10°
solar masses in size, before accretion onto them starts happening."

A.0. Donroe PBH 29 HioHs, 2020 26 / 60



MNpobaembl Mmosogoii Becenennoii

Pannssa Bcenennas, z = 5 — 10 nepeoboraiyeHa ruraHTCKUMMN SPKUMIN raaakTukamm.
Early galaxies (a few examples, many more are known):

Galaxy at z & 9.6 created earlier than ~ 0.5 Gyr, W. Zheng, et al

Galaxy at z = 11 formed earlier than the universe age was ty ~ 0.4 Gyr, D. Coe et al
Astrophys. J. 762 (2013) 32.

Not so young but extremely luminous galaxy Chao-Wei Tsai, P.R.M. Eisenhardt et al,
arXiv:1410.1751, L = 3 - 10"*Lg; ty ~ 1.3 Gyr.

The galactic seeds, or embryonic black holes, might be bigger than thought possible. The
BH was already billions of Mg , when our universe was only a tenth of its present age.
"Another way to grow this big is to have gone on a sustained binge, consuming food
faster than typically thought possible. Low spin is needed!

According to D. Waters, et al, MNRAS 461 (2016), L51 density of galaxies at z ~ 11 is
10~% Mpc—2, an order of magnitude higher than estimated from the data at lower z.
Origin of these galaxies is unclear. Inverted picture of galaxy formation can solve the
problem: primordial SMBHs seeded galaxies but vice versa, and not only in young
universe but also today.
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Globular clusters and dwarf galaxies

Only one or two massive BH are observed in Globular clusters.

Definite evidence of BH with M ~ 2000M, was found in the core of the
globular cluster 47 Tucanae.

Origin in standard model is unknown.

Our prediction (AD, K.Postnov): if the parameters of the mass distribution of
PBHs are chosen to fit the LIGO data and the density of SMBH, then the number
of PBH with masses (2 — 3) x 103 Mg, is about 10* — 105 per one SMPBH
with mass > 10* M. This allows all large galaxies to host their own SMBH,
sometimes even two!.

This predicted density of IMBHs is sufficient to seed the formation of all globular
clusters and dwarf galaxies.
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PBH creation mechanism

The mechanism of massive PBH formation with wide mass spectrum:

@ A. Dolgov and J.Silk, PRD 47 (1993) 4244 "Baryon isocurvature fluctuations at
small scaler and baryonic dark matter.

e A.Dolgov, M. Kawasaki, N. Kevlishvili, Nucl. Phys. B807 (2009) 229,
"Inhomogeneous baryogenesis, cosmic antimatter, and dark matter".

Heretic predictions of 1993 are turning into the accepted faith, since they became
supported by the recent astronomical data.

Massive PBHs allow to cure emerging inconsistencies of the standard cosmology
and astrophysics with unexpectedly huge number of newly discovered massive BH
Dark matter made out of PBHs became a viable option.

Unusual stellar type compact objects could also be created.

The mechanism leads to Swiss cheese universe "upside down": small bubbles with
high 8 = Np/N, ~ 1 and the under-dense low B background mostly turned
into PBH and compact stellar-like objects.
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PBH creation mechanism

The model predicts an abundant formation of heavy PBHs with log-normal mass
spectrum:

dN

T = 1 exp [—yIn® (M/Mo)),
with 3 constant parameters: u, v, Mg. The value of My should be about 10M.
Can be generalized to multi-maximum spectrum.
For high BH masses, Mg 2 10 Mg may be noticeably distorted due to
subsequent accretion.
This form is a result result of quantum diffusion of baryonic scalar field during
inflation (Starobinsky diffusion equation). Probably log-normal spectrum is a
general consequence of diffusion.
Now in many works such spectrum is postulated without justification.
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PBH creation mechanism

SUSY motivated baryogenesis, Affleck and Dine (AD).
SUSY predicts existence of scalars with B # 0. Such bosons may condense along
flat directions of the quartic potential:

Ux(x) = Alx|* (1 — cos 46)
and of the mass term, m2x2 4+ m* 2x* 2
U, (x) = m?|x|?[1 — cos (20 + 2a)],

where x = |x| exp (i0) and m = |m|e*.

If « £ 0, C and CP are broken.

In GUT SUSY baryonic number is naturally non-conserved - non-invariance of
U (x) w.r.t. phase rotation.
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PBH creation mechanism

Initially (after inflation) x is away from origin and, when inflation is over, starts to
evolve down to equilibrium point, x = 0, according to Newtonian mechanics:

X+3Hx+U'(x) =0.
Baryonic charge of x:
By = élez

is analogous to mechanical angular momentum. x decays transferred baryonic
charge to that of quarks in B-conserving process.

AD baryogenesis could lead to baryon asymmetry of order of unity, much larger
than the observed 1079,
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PBH creation mechanism

If m £ 0, the angular momentum, B, is generated by a different direction of the
quartic and quadratic valleys at low x. If CP-odd phase « is small but
non-vanishing, both baryonic and antibaryonic domains might be formed with
possible dominance of one of them.

Matter and antimatter domains may exist but globally B # 0.

New input: Affleck-Dine field x with coupling to inflaton ®

Ix|?
0.2

U = g|x|*(® — ®1)® + Alx|* In (
+)\1(x4 + h.c.) + (m2x2 + h.c.).

)

An interaction between two scalar fields is ® and x must exist. This coupling is a
general renormalizable one. The only mild tuning is that ® reached and passed ®;
during inflation. Duration of inflation after that is a free parameter.

When the window to the flat direction is open, near ® = ®4, the field x slowly
diffuses to large value, according to quantum diffusion equation derived by
Starobinsky, generalized to a complex field x.
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PBH creation mechanism

If the window to flat direction, when ® = ® is open only during a short period,
cosmologically small but possibly astronomically large bubbles with high 3 could be
created, occupying a small fraction of the universe, while the rest of the universe has
normal B = 6 - 1071°, created by small x. Phase transition of 3/2 order.

The mechanism of massive PBH formation quite different from all others. The
fundament of PBH creation is build at inflation by making large isocurvature fluctuations
at relatively small scales, with practically vanishing density perturbations.

Initial isocurvature perturbations variation of the asymmetry in number densities of
massless quarks and antiquarks. Density perturbations are generated rather late after the
QCD phase transition when quarks turn into massive baryons.

The emerging universe may be full of black holes occupying a minor fraction of the
universe volume, where the total amount of baryons may be larger than that in the rest
of the world.
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PBH creation mechanism

The outcome, depending on 8 = ng/n,.
o PBHs with log-normal mass spectrum.
o Compact stellar-like objects, similar e.g. to cores of red giants.

e Disperse hydrogen and helium clouds with (much) higher than average np
density.

e 3 may be negative leading to compact antistars which could survive
annihilation with the homogeneous baryonic background.

A modification of inflaton interaction with scalar baryons as e.g.
2 2 2
U~ [x[*(®—21)°((2 — 22)
gives rise to a superposition of two log-normal spectra or multi-log.

Recently a torrent of new abundant BHs, has been observed presumably
primordial. In any single case an alternative interpretation might be possible but
the overall picture is very much in favor of massive PRIMORDIAL BHs.
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SUMMARY

e 1. Natural baryogenesis model leads to abundant formation of PBHs and compact
stellar-like objects in the early universe after QCD phase transition, ¢ > 1075 sec.

e 2. Log-normal mass spectrum of these objects.

e 3. PBHs formed at this scenario can explain the peculiar features of the sources of GWs
observed by LIGO.

e 4. The considered mechanism solves the numerous mysteries of z ~ 10 universe:
abundant population of supermassive black holes, early created gamma-bursters and
supernovae, early bright galaxies, and evolved chemistry including dust.

e 5. There is persuasive data in favor of the inverted picture of galaxy formation, when
first a supermassive BH seeds are formed and later they accrete matter forming galaxies.
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SUMMARY

e 6. An existence of supermassive black holes observed in all large and some small
galaxies and even in almost empty environment is naturally explained.

e 7. "Older than ty "stars may exist; the older age is mimicked by the unusual
initial chemistry.

e 8. Existence of high density invisible "stars"(machos) may be possibly
understood (7).

e 9. Explanation of origin of BHs with 2000 M, in the core of globular cluster
and the observed density of GCs is presented.

e 10. A large number of the recently observed IMBH was predicted.

e 11. A large fraction of dark matter or 100% can be made of PBHs.

e 12. Clouds of matter with high baryon-to-photon ratio.

e 13. A possible by-product: plenty of (compact) anti-stars, even in the Galaxy,
not yet excluded by observations (C. Bambi, S. Blinnikov, AD., K.Postnov).
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Extreme conclusions

e Black holes in the universe are mostly primordial (PBH).

e Primordial BHs make all or dominant part of dark matter (DM).

e QSO created much earlier than z = 10.

e Metals and dust are made much earlier than at z = 10.

e Inverted picture of galaxy formation: seeding of galaxies by SMPBH

e Seeding of globular clusters by 103 — 10 BHs, dwarfs by 10* — 10° BH.
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KoHey, goknapga, HO He KOHel, ucropuun
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References which may be needed

Data about young universe, z ~ 10.

The data collected during last several years indicate that the young universe at
z ~ 10 is grossly overpopulated with unexpectedly high amount of:

e Bright QSOs, alias supermassive BHs, up to M ~ 10'° M,

e Superluminous young galaxies,

e Supernovae, gamma-bursters,

e Dust and heavy elements.

These facts are in good agreement with the predictions mentioned above, but in
tension with the Standard Cosmological Model.
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Young universe. QSO or SMBH

To conclude on QSO or SMBH:

The quasars are supposed to be supermassive black holes and their formation in
such short time by conventional mechanisms looks problematic. Such black holes,
when the Universe was less than one billion years old, present substantial
challenges to theories of the formation and growth of black holes and the
coevolution of black holes and galaxies. Even the origin of SMBH in contemporary
universe during 14 Gyr is difficult to explain.

It is difficult to understand how 10 M, black holes (to say nothing about

10'° M) appeared so quickly after the big bang without invoking non-standard
accretion physics and the formation of massive seeds, both of which are not seen
in the local Universe.
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Young universe: chemistry, dust, supernovae, «y-bursters

The medium around the observed early quasars contains considerable amount of
“metals” (elements heavier than He). According to the standard picture, only
elements up to *He and traces of Li, Be, B were formed by BBN, while heavier
elements were created by stellar nucleosynthesis and dispersed in the interstellar
space by supernova explosions. Hence, an evident but not necessarily true
conclusion was that prior to or simultaneously with the QSO formation a rapid star
formation should take place. These stars should evolve to a large number of
supernovae enriching interstellar space by metals through their explosions.
Demands very long time.

Another possibility is a non-standard BBN in bubbles with very high baryonic
density, leading to formation of heavy elements.
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Young universe: chemistry, dust, supernovae, «y-bursters

The universe at z > 6 is quite dusty, D.L. Clements et al "Dusty Galaxies at the
Highest Redshifts 1505.01841.

The highest redshift such object, HFLS3, lies at z=6.34 and numerous other
sources have been found.

L. Mattsson, "The sudden appearance of dust in the early Universe 1505.04758:
Dusty galaxies show up at redshifts corresponding to a Universe which is only
about 500 Myr old.

Abundant dust is observed in several early galaxies, e.g. in HFLS3 at z = 6.34
and in A1689-zD1 at z = 7.55.

Catalogue of the observed dusty sources indicates that their number is an order of
magnitude larger than predicted by the canonical theory.
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Young universe: chemistry, dust, supernovae, «y-bursters

To make dust a long succession of processes is necessary: first, supernovae explode
to deliver heavy elements into space (metals), then metals cool and form
molecules, and lastly molecules make dust which could form macroscopic pieces of
matter, turning subsequently into early rocky planets.

We all are dust from SN explosions, at much later time but there also could be life
in the early universe. Several hundred million years is enough for that.

Observations of high redshift gamma ray bursters (GBR) also indicate a high
abundance of supernova at large redshifts. The highest redshift of the observed
GBR is 9.4 and there are a few more GBRs with smaller but still high redshifts.
The necessary star formation rate for explanation of these early GBRs is at odds
with the canonical star formation theory.
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Universe today, ty = 14.6 - 10° years, SMBH

Every large galaxy contains a central supermassive BH with mass larger than

10° My, in giant elliptical and compact lenticular galaxies and ~ 106 M, in spiral
galaxies like Milky Way.

The origin of these BHs is not understood. Accepted faith is that these BHs are
created by matter accretion to a central seed. But, the usual accretion efficiency
is not sufficient to create them during the Universe life-time, 14 Gyr.

Even more puzzling: SMHBs are observed in small galaxies and even in almost
EMPTY space, where is no material to make a SMBH.

A Nearly Naked Supermassive Black Hole J.J. Condon, et al arXiv:1606.04067. A
compact symmetric radio source B3 17154425 is too bright (brightness
temperature ~ 3 X 10'° K at observing frequency 7.6 GHz) and too luminous
(1.4 GHz luminosity ~ 1025 W/Hz) to be powered by anything but a SMBH, but
its host galaxy is much smaller.
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Universe today, SMBH

The mass of BH is typically 0.1% of the mass of the stellar bulge of galaxy but
some galaxies may have huge BH: e.g. NGC 1277 has the central BH of

1.7 X 10*° Mg, or 60% of its bulge mass. This creates serious problems for the
scenario of formation of central supermassive BHs by accretion of matter in the
central part of a galaxy.

More examples:

F. Khan, et al arXiv:1405.6425. Although supermassive black holes correlate well
with their host galaxies, there is an emerging view that outliers exist. Henize 2-10,
NGC 4889, and NGC1277 are examples of SMBHSs at least AN ORDER OF
MAGNITUDE MORE MASSIVE than their host galaxy suggests.

An inverted picture is more plausible, when first a supermassive BH was formed
and attracted matter seeding the galaxy formation!!!

AD, J. Silk, 1993; AD, M. Kawasaki, N. Kevlishvili, 2008;

Bosch et al, Nature 491 (2012) 729.
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Universe today, SMBH binaries, triplet, and quartet

Several binaries of SMBH observed:

P. Kharb, et al "A candidate sub-parsec binary black hole in the Seyfert galaxy
NGC 7674 d=116 Mpc, 3.63 x 10" M(,. (1709.06258).

C. Rodriguez et al. A compact supermassive binary black hole system. Ap. J. 646,
49 (2006), d =~ 230 Mpc.

M.J.Valtonen,"New orbit solutions for the precessing binary black hole model of
0J 287 Ap.J. 659, 1074 (2007), z = 0.3.

M.J. Graham et al. "A possible close supermassive black-hole binary in a quasar
with optical periodicity". Nature 518, 74 (2015), z =~ 0.3.

A.0. Donroe PBH 29 HioHs, 2020 47 [/ 60



Universe today, SMBH triplet

Triple Quasar.

E. Kalfountzou, M.S. Lleo, M. Trichas, SDSS J1056+4-5516: A Triple AGN or an
SMBH Recoil Candidate? [1712.03909].

Discovery of a kiloparsec-scale supermassive black hole system at z=0.256. The
system contains three strong emission-line nuclei, which are offset by < 250 km/s
by 15-18 kpc in projected separation, suggesting that the nuclei belong to the
same physical structure.

Such a structure can only satisfy one of the three scenarios: a triple supermasive
black hole (SMBH) interacting system, a triple AGN, or a recoiling SMBH.
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Universe today, SMBH quartet

"Quasar quartet embedded in giant nebula reveals rare massive structure in distant
universe J.F. Hennawi et al, Science 15 May 2015, 348 p. 779, Discovery of a a
physical association of four quasars at z = 2. The probability of finding a
quadruple quasar is ~ 10~7. Our findings imply that the most massive structures
in the distant universe have a tremendous supply (~ 10! solar masses) of cool
dense (volume density ~ 1/cm3) gas, which is in conflict with current
cosmological simulations.

Orthodox point of view: merging of two spiral galaxies creating an elliptical galaxy,
leaving two or more SMBHs in the center of the merged elliptical. No other way in
the traditional approach. However, even one SMBH is hard to create.

Heretic but simpler: primordial SMBH forming binaries in the very early universe
and seeding galaxy formation.
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Universe today: IMBH, M = (103 — 10%) M,

o Intermediate mass black holes (MBH) M = (10® — 10°) Mg

Nobody expected them in noticeable amount and now they came out as if from
cornucopia (cornu copiae).

Intermediate mass BHs: M ~ 103 Mg, in globular clusters and M ~ 10* — 107 in
dwarf galaxies.

10 IMBH, 3 years ago, M = 3 x 10* — 2 x 10° Mg

and 40 found recently 107 < M < 3-10° [Chandra, 1802.01567].

More and more: I.V. Chilingarian, et al. A Population of Bona Fide Intermediate Mass
Black Holes Identified as Low Luminosity Active Galactic Nuclei arXiv:1805.01467,
identified a sample of 305 IMBH candidates with 3 x 10* < Mpu < 2 X 105M@,

He-Yang Liu, et al, A Uniformly Selected Sample of Low-Mass Black Holes in Seyfert 1
Galaxies. arXiv:1803.04330, A new sample of 204 low-mass black holes (LMBHs) in active
galactic nuclei is presented with black hole masses in the range of (1 — 20) x 10° M.
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Universe today, IMBH

"Indication of Another Intermediate-mass Black Hole in the Galactic Center” S.
Takekawa, et al.,arXiv:1812.10733 [astro-ph.GA]

We report the discovery of molecular gas streams orbiting around an invisible
massive object in the central region of our Galaxy, based on the high-resolution
molecular line observations with the Atacama Large Millimeter/submillimeter
Array (ALMA). The morphology and kinematics of these streams can be
reproduced well through two Keplerian orbits around a single point mass of
(3.2 4+ 0.6) x 10* Mg, Our results provide new circumstantial evidences for a
wandering intermediate-mass black hole in the Galactic center (tramp in the
galaxy), suggesting also that high-velocity compact clouds can be probes of
quiescent black holes abound in our Galaxy.

As an alternative: it could be nucleus of a globular cluster with stars stripped away
by dense stellar population in the galactic center.
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Universe today, too old stars

e Old stars in the Milky Way:

Employing thorium and uranium in comparison with each other and with several
stable elements the age of metal-poor, halo star BD+17° 3248 was estimated as
13.8 + 4 Gyr. J.J. Cowan, et al Ap.J. 572 (2002) 861

The age of inner halo of the Galaxy 11.4 4 0.7 Gyr, J. Kalirai, "The Age of the
Milky Way Inner Halo"Nature 486 (2012) 90, arXiv:1205.6802.

The age of a star in the galactic halo, HE 1523-0901, was estimated to be about
13.2 Gyr. First time many different chronometers, such as the U/Th, U/Ir, Th/Eu
and Th/Os ratios to measure the star age have been employed. "Discovery of HE
1523-0901: A Strongly r-Process Enhanced Metal-Poor Star with Detected
Uranium A. Frebe, N. Christlieb, J.E. Norris, C. Thom Astrophys.J. 660 (2007)
L117; astro-ph/0703414.
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Universe today, too old stars

Metal deficient high velocity subgiant in the solar neighborhood HD 140283 has
the age 14.46 4= 0.31 Gyr.

H. E. Bond, et al, Astrophys. J. Lett. 765, L12 (2013), arXiv:1302.3180.

The central value exceeds the universe age by two standard deviations, if

H = 67.3 and ty = 13.8; and if H = 74, then ty; = 12.5, more than 10 .

Our model predicts unusual initial chemical content of the stars, so they may look
older than they are.

X. Dumusque, et al "The Kepler-10 Planetary System Revisited by
HARPS-N: A Hot Rocky World and a Solid Neptune-Mass Planet".
arXiv:1405.7881; Ap J., 789, 154, (2014).

Very old planet, 10.6f}:g Gyr. (Age of the Earth: 4.54 Gyr.)

A SN explosion must must precede formation of this planet.
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Universe today, high velocity stars

Very recent observations: high velocity and "wrong"chemical content stars. We
report the discovery of a high proper motion, low-mass white dwarf (LP 40-365)
that travels at a velocity greater than the Galactic escape velocity and whose
peculiar atmosphere is dominated by intermediate-mass elements. S. Vennes et al,
Science, 2017, Vol. 357, p. 680; arXiv:1708.05568. Origin mysterious. Could it be
compact primordial star?

Other high velocity stars in the Galaxy.

"Old, Metal-Poor Extreme Velocity Stars in the Solar Neighborhood Kohei Hattori
et al., arXiv:1805.03194,.

Gaia DR2 in 6D: Searching for the fastest stars in the Galaxy, T. Marchetti, et al.,
arXiv:1804.10607.

They can be accelerated by a population of IMBH in Globular clusters, if there is
sufficient number of IMBHs.
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Universe today, strange stars

D.P. Bennett, A. Udalski, I.A. Bond, et al, "A Planetary Microlensing Event with
an Unusually RED Source Star arXiv:1806.06106

We find host star and planet masses of M, = 0.15f8'_%M@ and

my = 1813 My,

The life-time of main sequence star with the solar chemical content is larger than
ty already for M < 0.8M.

The origin is puzzling. May it be primordial helium star?

"A class of partly burnt runaway stellar remnants from peculiar thermonuclear
supernovae arXiv:1902.05061, R. Raddi et al.

Discovery of three chemically peculiar runaway stars, survivors of thermonuclear
explosions - according to the authors. "With masses and radii ranging between
0.20-0.28 Mg, and 0.16-0.60 Ry, respectively, we speculate these inflated white
dwarfs are the partly burnt remnants of either peculiar Type SNla or
electron-capture supernovae".

Authors suggest that these stars are not completely burned down remnants of
SNla, but the probability for such events seems to be quite low.

They could be chemically peculiar primordial stars wandering in Galactic halo
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Universe today, mass spectrum of BHs in the Galaxy

e Mass spectrum of astrophysical (7) BH

It was found that the BH masses are concentrated in the narrow range

(7.8 4 1.2) M, (1006.2834).

This result agrees with another paper where a peak around 8 M, a paucity of
sources with masses below 5M,, and a sharp drop-off above 10M(, are
observed, arXiv:1205.1805.

These features are not easily explained in the standard model of BH formation by
stellar collapse.
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SUMMARY

e 1. Natural baryogenesis model leads to abundant fomation of PBHs and compact
stellar-like objects in the early universe after QCD phase transition, ¢ > 1075 sec.

e 2. Log-normal mass spectrum of these objects.

e 3. PBHSs formed at this scenario can explain the peculiar features of the sources of GWs
observed by LIGO.

e 4. The considered mechanism solves the numerous mysteries of z ~ 10 universe:
abundant population of supermassive black holes, early created gamma-bursters and
supernovae, early bright galaxies,

and evolved chemistry including dust.

e 5. There is persuasive data in favor of the inverted picture of galaxy formation, when
first a supermassive BH seeds are formed and later they accrete matter forming galaxies.
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SUMMARY

e 6. An existence of supermassive black holes observed in all large and some small
galaxies and even in almost empty environment is naturally explained.

e 7. "Older than ty "stars may exist; the older age is mimicked by the unusual
initial chemistry.

e 8. Existence of high density invisible "stars"(machos) is understood.

e 9. Explanation of origin of BHs with 2000 M, in the core of globular cluster
and the observed density of GCs is presented.

e 10. A large number of the recently observed IMBH was predicted.

e 11. A large fraction of dark matter or 100% can be made of PBHs.

e 12. Clouds of matter with high baryon-to-photon ratio.

e 13. A possible by-product: plenty of (compact) anti-stars, even in the Galaxy,
not yet excluded by observations (C. Bambi, S. Blinnikov, AD., K.Postnov).
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Extreme conclusions

e Black holes in the universe are mostly primordial (PBH).

e Primordial BHs make all or dominant part of dark matter (DM).

e QSO created in the very early universe.

e Metals and dust are made much earlier than at z = 10.

e Inverted picture of galaxy formation: seeding of galaxies by SMPBH or
IMPBH;

e Seeding of globular clusters by 103 — 10 BHs, dwarfs by 10 — 10° BH.
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