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Motivation

OBSERVATION OF SUPER-EARLY
(AT Z > 5) SUPERMASSIVE QUASARS

Fig. 1. Quasar J0313-1806z=7.64
(670 million years) M ~ 1019M
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Motivation

OBSERVATION OF SUPER-EARLY DETECTION OF GRAVITATIONAL WAVES
(AT Z > 5) SUPERMASSIVE QUASARS FROM BHS OF INTERMEDIATE MASSES
J Ks

mJy beam

e 0 E . Fig. 2. Masses of BHs and neutron
AR ee) stars detected by LIGO and VIRGO.
Fig. 1. Quasar J0313-1806z=7.64
(670 million years) M ~ 1019M 4
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Multidimensional f(R)-gravity
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Multidimensional f(R)-gravity

D-2
m
S = 2 /d4+n:13\/ |gD| [f(R) + ClRABRAB + CQRABCDRABCD] y (1)

2
f(R) =asR*+R—2Ap,
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Multidimensional f(R)-gravity

|gD f(R) + ciRapR*® + caRapcpRAPCP] |

f(R) =azR*+ R—2Ap,

1. Subspace decomposition’: M = M, X M,
ds® = Guvdxtdz” + 2B dr®da®

R=Ry+R,+Ps, P.=2n08+n(n+1)(08),

1K. A. Bronnikov and S. G. Rubin, Phys. Rev. D 73 (2006) 124019 [gr-ac/0510107]
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https://arxiv.org/abs/gr-qc/0510107

Multidimensional f(R)-gravity

mg—2

2

o g— /d4+n33\/ IgD| [f(R) + ClRABRAB + CQRABCDRABCD] y (1)

f(R) =asR*+R—2Ap,
1. Subspace decomposition’: M = M, X M,
ds® = Guvdxtdz” + 2B dr®da®

R=Ry+R,+ Py, P.=2n8*8+n(n+1)(88)?2, (2)

2. Integrating out coordinates of the extra space:

5 — %V[dl] m2 / VIgdie 1P [f(R) +..] (3)
I 2 HTM
m%} - Vnenﬁmf (Qbm)v Vo = FETnT—{—l)

1K. A. Bronnikov and S. G. Rubin, Phys. Rev. D 73 (2006) 124019 [gr-ac/0510107]
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Effective 4-dim theory

3.  Small extra dimensions and slow change approximation (R, = ¢):
R47 Pk < Rn
1
S = §V[dl]m§ / Vigdiz P [f(Ry) + f/(Rn)(Ra+ Py) + ... (4)
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Effective 4-dim theory

3.  Small extra dimensions and slow change approximation (R, = ¢):
R47 Pk < Rn
1
S = §V[d1]m’;; / Vigdiz P [f(Ry) + f/(Rn)(Ra+ Py) + ... (4)

4. Conformal transformation: gu > Guw = |f(D)|guws  f(P) = ePF'(9),

Stow = 3 [ Aoy sign(£)[Ra+ K(6)(00) 2V (0)) 5
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Effective 4-dim theory

3.  Small extra dimensions and slow change approximation (R, = ¢):
R47 Pk < Rn
1
S = §V[d1]m’;; / Vigdiz P [f(Ry) + f/(Rn)(Ra+ Py) + ... (4)

4. Conformal transformation: gu > Guw = |f(D)|guws  f(P) = ePF'(9),

Siow = 5 [ Aoy sign(7) R+ K(9)@0) — 2V (0)] 5
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K@) =15 !6¢2( )2_2n¢<1}’l’)+ (2+2) .\
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Domain walls in f(R)

_sign(f) [__lol ] c1+2e/(n—1) ,
X ean) O+ o

V(¢) =
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Domain walls in f(R)
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Fig. 4. Potential V(¢) and kinetic factor K(¢) of

the scalar field for the parameters:
n = 6,¢; = —8000,c, = —5000,a, = —500.
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Domain walls in f(R)
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Fig. 4. Potential V(¢) and kinetic factor K(¢) of T‘K =
the scalar field for the parameters: 3

n = 6,¢; = —8000,c, = —5000,a, = —500.
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Domain walls in f(R)

| [0+ 2220 0g)

n
£ 4D
§ Ve “1\ ~
= \
4 \
( gf =0 \
0 0.00005 0.00010  0.00015 0.00020 0.00025 l /’
¢ [mp’] \\ D .
X ~--7
Fig. 4. Potential V(¢) and kinetic factor K(¢) of T 9
the scalar field for the parameters: o

n = 6,¢; = —8000,c, = —5000,a, = —500.
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Primordial black holes

¢
¥ =ma / VE@) dd, (8)
ol




Primordial black holes
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Fig. 5. Top - the value of the field when moving
through the wall. Bottom - energy density when
moving through the wall.
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Primordial black holes
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Fig. 5. Top - the value of the field when moving Y

through the wall. Bottom - energy density when
moving through the wall.

ICPPA 30.11.2022 COMPACT EXTRA DIMENSIONS AS THE SOURCE OF PRIMORDIAL BLACK HOLES

MOSCOW



Primordial black holes
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Fig. 5. Top - the value of the field when moving | 3

through the wall. Bottom - energy density when
moving through the wall.
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Multiple fluctuations
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Multiple fluctuations

V(o)

Fig.6. The gradual formation? of a critical region, which will be further
surrounded by a domain wall as a result of repeated fluctuations on a
background of the expanding Universe (at the inflationary stage).

2S. G. Rubin, M. Yu. Khlopov and A. S. Sakharov, Grav. & Cosm. 6 (2000) [hep-ph/0005271]

ICPPA 30.11.2022 COMPACT EXTRA DIMENSIONS AS THE SOURCE OF PRIMORDIAL BLACK HOLES

MOSCOW


https://arxiv.org/abs/hep-ph/0005271

Multiple fluctuations
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Fig.6. The gradual formation? of a critical region, which will be further
surrounded by a domain wall as a result of repeated fluctuations on a
background of the expanding Universe (at the inflationary stage).

2S. G. Rubin, M. Yu. Khlopov and A. S. Sakharov, Grav. & Cosm. 6 (2000) [hep-ph/0005271]
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surrounded by a domain wall as a result of repeated fluctuations on a
background of the expanding Universe (at the inflationary stage).
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Fig.6. The gradual formation? of a critical region, which will be further
surrounded by a domain wall as a result of repeated fluctuations on a
background of the expanding Universe (at the inflationary stage).
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Inflationary constraints

= Slow change approximation must continue
to satisfy ¢ = R,; > R,. Curvature of
4-dim space during inflation: R, =~ 12 H?.
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Inflationary constraints

= Slow change approximation must continue
to satisfy ¢ = R,; > R,. Curvature of
4-dim space during inflation: R, =~ 12 H?.

= The generation of domain walls by
guantum fluctuations requires a slow

rolling of ¥: \/V"' (Ymax) < H.
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Inflationary constraints

= Slow change approximation must continue
to satisfy ¢ = R,; > R,. Curvature of
4-dim space during inflation: R, =~ 12 H?.

= The generation of domain walls by
guantum fluctuations requires a slow

rolling of ¥: \/V"' (Ymax) < H.

= The domain walls should not be too dense
so as not to dominate the inflaton:

Elp K ginf ~ Hzmﬁ
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Inflationary constraints

= Slow change approximation must continue
to satisfy ¢ = R,; > R,. Curvature of
4-dim space during inflation: R, ~ 12 H?.

= The generation of domain walls by
guantum fluctuations requires a slow

rolling of ¥: \/V"' (Ymax) < H.

= The domain walls should not be too dense
so as not to dominate the inflaton:

Elp K ginf ~ Hzmﬁ

= The field fluctuations during inflation
should not be too large to prevent
overproduction of the domain walls:

H
51/) :§<<l/).
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Inflationary constraints

= Slow change approximation must continue
to satisfy ¢ = R,; > R,. Curvature of
4-dim space during inflation: R, =~ 12 H*. 4~ 105—-10"%> 12H2 ~ 10",

: , o 1n-11 o 10-10
= The generation of domain walls by my ~ 107" < H ~ 10777,
quantum fluctuations requires a slow ey ~ 10720 L gjp ~ 1071,

rolling of ¥: \/V"' (Ymax) < H. o ~ 107 < p ~ 1.

= The domain walls should not be too dense (12)

so as not to dominate the inflaton:
Elp K ginf ~ Hzmﬁ

= The field fluctuations during inflation
should not be too large to prevent
overproduction of the domain walls:

H
51/) :§<<l/).
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Inflationary constraints

= Slow change approximation must continue
to satisfy ¢ = R,; > R,. Curvature of
4-dim space during inflation: R, =~ 12 H*. 4~ 105—-10"%> 12H2 ~ 10",

: , o 1n-11 o 10-10
= The generation of domain walls by my ~ 107" < H ~ 10777,
quantum fluctuations requires a slow ey ~ 10720 L gjp ~ 1071,

rolling of ¥: \/V"' (Ymax) < H. o ~ 107 < p ~ 1.

= The domain walls should not be too dense (12)

so as not to dominate the inflaton:
Elp K ginf ~ Hzmﬁ

J = 1013
= The field fluctuations during inflation H? 2 107 [GeV] (13)
should not be too large to prevent

overproduction of the domain walls:
5 = K.
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Conclusion

= The existence of a purely gravitational mechanism for the production
of primordial black holes is demonstrated in the framework of
multidimensional f(R)-gravity. No matter fields are required.
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Conclusion

= The existence of a purely gravitational mechanism for the production
of primordial black holes is demonstrated in the framework of
multidimensional f(R)-gravity. No matter fields are required.

= The mechanism is based on the production of massive domain walls
resulting from quantum fluctuations in a nontrivial effective potential
containing several minima.
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of primordial black holes is demonstrated in the framework of
multidimensional f(R)-gravity. No matter fields are required.
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resulting from quantum fluctuations in a nontrivial effective potential
containing several minima.

= Domain walls do not disturb the inflaton dominance necessary for
cosmological inflation, if the parameters of the f (R)-model are chosen
correctly.
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of primordial black holes is demonstrated in the framework of
multidimensional f(R)-gravity. No matter fields are required.

= The mechanism is based on the production of massive domain walls
resulting from quantum fluctuations in a nontrivial effective potential
containing several minima.

= Domain walls do not disturb the inflaton dominance necessary for
cosmological inflation, if the parameters of the f (R)-model are chosen
correctly.

= The generated PBHs are formed very early (at the reheating stage)
and have the potential for further accretionary growth.
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Conclusion

= The existence of a purely gravitational mechanism for the production
of primordial black holes is demonstrated in the framework of
multidimensional f(R)-gravity. No matter fields are required.

= The mechanism is based on the production of massive domain walls
resulting from quantum fluctuations in a nontrivial effective potential
containing several minima.

= Domain walls do not disturb the inflaton dominance necessary for
cosmological inflation, if the parameters of the f (R)-model are chosen
correctly.

= The generated PBHs are formed very early (at the reheating stage)
and have the potential for further accretionary growth.
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