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Hybrid {(R) — gravity
. Action of theory:
= 5.3 d*z/—g[R+ f(R)] + Sm ,

* Action of theory in scalar-tensor representation:
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* Field equations:
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Spherically-symmetric solution in hybrid
f(R)-gravity

» Spherically-symmetric metric:

ds? = =2 + 220 dr? L2 (d? + sin? Hdo?)

» Transition to dimentionless variables:
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Field equations in dimentionless variables
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Example of numerical solution

» Case for¢py =1, u= 4x1078:
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» Horizon ¢ = 0.966 (Horizon for Schwarzschild black
hole (s =1)



Thorne-Novikov model

» The time averaged energy flux emitted from the surface

of an accretion disk

_?Urg () T r ~ -
F f E—QL)L.rd
(r) = TN FEYAE ( VL yrdr

r TACO

» Luminosity:
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Comparison with accretion on Schwarzschild
black hole

» Case with zero potential:

uo = 5.12 x 1077
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Comparison with accretion on
Schwarzschild black hole

» Case with zero potential: ¢o < 0.00004
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Efficiency for thin accretion disk aroung
black hole (V = 0)

» Connection between 1, and @y :
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Figure 10. Case V = 0. The black curve corresponds to the Schwarzschild black hole. a).The
efficiency for thin accretion disk around static black hole for different values of 1y and fixed o9 = 1 as
functions of ug. b). The efficiency for thin accretion disk around static black hole for different values
of op and fixed ug = 5.12 x 10™7 as functions of ¢y. c¢).The efficiency for thin accretion disk around
static black hole as functions of ¢g. Connection between og and g 1s taken into accaunt.



Case with potential

» In this work we consider Higgs-type potential:
__H# 2 Gy

rV=="0¢"t7¢

» For more convenience, let’s redefine constants in
dimensionless form:
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Comparison with accretion on
Schwarzschild black hole

» Case with potential (8 = 10719): v(¢) = ag* + Bo?

0o =1, up =107°
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Comparison with accretion on
Schwarzschild black hole

» Case with potential (¢ = —10719): v(p) = ad? + Bo*

0o =1, up = 107°
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Comparison with accretion on
Schwarzschild black hole

» Case with potential: V(@) = ap® + o

» Connection between m,, and « and f:
m? = [2Vo — Vi — (1 + 0)oVy4)/3
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Hyggs-type potential case. The energy flux F'(r) of a disk around a static black hole with
mass accretion rate M =2.21 x 10'8g/s and mass M = 8.48M, for different values of o and fixed
o = 4 x 1073, 3 = 1072V as functions of the normalized radial coordinate r/ry,. The connections
(5.6) and (5.7) are taken into accaunt. b) The black curve corresponds to the Schwarzschild black
hole, the brown curve corresponds different parameters a. ¢) Zoom version. The parameter « is
taken to be: a = —4 x 1072 (grey curve), a = —3 x 10™ (pink curve), a = —2.1 x 107> (brown
curve), a = —1.7 x 107> (purple curve), a = —1.3 x 1075 (red curve), a = —9 x 1076 (green curve),
a = —5 x 107 (orange curve), a = —1076 (blue curve).
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Comparison with accretion on
Schwarzschild black hole

» Case with potential: V(@) = ap® + o

» Connection between m,, and « and f:
m? = [2Vo — Vi — (1 + 0)oVy4)/3
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Hyges-type potential case. The emission spectrum v L(v) of the accretion disk around a
static black hole with mass accretion rate M = 2.21 x 10'8g/s and mass M = 8.48M, for different
values of a and fixed ¢g = 4 x 1072, 3 = 1072Y as functions of frequency v. The connections (5.6)
and (5.7) are taken into accaunt. b) The black curve corresponds to the Schwarzschild black hole,
the brown curve corresponds different parameters «. ¢) Zoom version. The parameter « is taken
to be a = —4 x 107> (purple curve), a = —3 x 107> (red curve), a = —2.1 x 10> (green curve),
a = —1.7 x 107° (orange curve), a = —1.3 x 1073 (grey curve), a = —9 x 1076 (pink curve),
a = —5x 107% (brown curve), a = —10=° (blue curve).



Comparison with accretion on
Schwarzschild black hole

» Case with potential:  v(¢) = a¢® + S’
» Connection between m,, and @ and 5: ™
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Hyggs-type potential case. The emission spectrum v L(v) of the accretion disk around a
static black hole with mass accretion rate M = 2.21 x 10'8g/s and mass M = 8.48M.,, for different
values of a and fixed ¢y = 4x107°, 3 = 107! as functions of frequency v. The connection mi = —p?
is taken into accaunt. b) Zoom version. The parameter o is taken to be: a = —4 x 107" (purple
curve), @ = —3 x 1077 (red eurve), a = —2.1 x 10~2 (green curve), & = —1.7 x 10~ (orange curve),
a=—1.3x107" (grey curve), @ = —9 x 10~ (pink curve), @ = —5 x 10~ (brown curve), a = —1075
(blue curve). The black curve corresponds to the Schwarzschild black hole.



Comparison with accretion on
Schwarzschild black hole

» Case with potential:  v(¢) = a¢® + S’
» Connection between m,, and @ and 5: ™
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Hyggs-type potential case. The energy flux F(r) of a disk around a static black hole
with mass accretion rate \f —2.21 x 1018 g/s and mass M = 8.48M,,, for different values of o and
fixed ¢po =4 x 1077, = 10""" as functions of the normalized radial coordinate r/rs. The connection

mf? = —p? is taken into accaunt. b) The black curve corresponds to the Schwarzschild black hole,
the brown curve corresponds different parameters a. ¢) Zoom version. The parameter « is taken
to be: o = —4 x 107° (grey curve), @ = —3 x 107° (pink curve), a = —2.1 x 10~° (brown curve),
a = —1.7 x 107° (purple curve), « = —1.3 x 107° (red curve), a = —9 x 107% (green curve),

a = —5 x 107° (orange curve), @ = —10~° (blue curve).



Comparison with accretion on
Schwarzschild black hole

» Case with potential:  v(¢) = a¢® + S’
» Connection between m,, and @ and 5: ™
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Efficiency for thin accretion disk aroung
black hole (v = a¢? + f¢?)
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Hyggs-type potential case. The black curve corresponds to the Schwarzschild black hole
in all figures. The efficiency for thin accretion disk around static black hole a) for different values of
a and fixed ¢g = 1, ug = 1075, 3 = 1071%; b) for different values of 3 and fixed ¢y = 1, ug = 1075,

a = —10719; ¢) for different values of a and fixed ¢g = 4 x 10~3, 8 = 10~2°. The connections (5.6)
and (5.7) are taken into accaunt; d) for different values of « and fixed dp = 4 x 1077, B = l[fl_11
The conncction m?, = —p? is taken into accaunt; e) for different values of ¢y and fixed o = —10717,

2

3 =10"''. The connection mZ = —pu? is taken into accaunt.



Conclusion

» Our results are very close to the same
results for accretion onto Schwarzschild
black hole with taking into account
limitations from Solar System test

» The existence of adequate inflation regimes
indicates the viability of the hybrid f(R)-
gravity

» Accretion disks in hybrid {(R)-gravity are
dimmer and cooler than in general relativity
and metric {(R)-gravity



Thank you for your attention!



