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Introduction

v'S formula - Dimensional analysis - Constants of nature

tevap

v'Different types of BHSs:

 Schwarzschild, Reissner-Nordstrom, Kerr , Kerr-Newman
 Remnant BH of BBH: GW150914, GW151226 and LTV151012 detected by LIGO

v’ Quantify the "insignificant” quantum effects - GSL

v'Results: Formula could have some relationship with the
detection of the shadow's image BHs (M87-BHs by EHT)



Formula manages to join 3 different fields of physics
v" Thermodynamics

Modeling

Spin
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Bekenstein-Hawking entropy

Bekenstein’'s generalized 2nd law of
thermodynamics
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Thermal Hawking radiation

Bekenstein, J. D. 1974, Phys. Rev. D, 9, 3292-3300.




Metric Energy-stress tensor
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”:‘) Analysis of the Entropy Formula

For BHs, at the limit, when T tends to absolute zero, the rateof | . d Cood [ the® )
o P > lim—(S, )=lim ~——— |=—Float(0)
change of the entropy generated during its evaporation|time and e dT * =/ To0dT |\ G°"M T
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BHs of Kerr, Reissner-Nordstrom, and the remnant BH from
BBH merge have T that tend to absolute zero, especially the

-

BHs tend to cancel, as it could have happened at the Big Bang!!! 1
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Float (oo) Represents a floating-point infinity. This value is used to indicate a floati
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former ones — BHSs are not primordial black holes!!! L['LTJ E(Stevap) | ( ] = Float (undefined )

= 1m
t-0 dt | G*M °T

: : hc®
limS, = “mt—c:O
T ®ap T—o0 GZM 2T

6
im (s, J=tim L[ ¢ |_g
T dT e T T T ( G2MET

ng-point value that is too large to be otherwise represented.

- Represents a non-numeric object in the floating-point system. This value can be returned by a function or operation if the input
Float (undefmed ) operands are not in the domain of the function or operand.



LIGO Astronomical Databases of Remnant Black Hole of Binary Black Hole Mergers
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Results

v’ Calculations were made with different parameters of
M, Q and a, according with lows of BH mechanics
from Hawking’s Physics.

v Kerr-Newman calculations with T,; = 4.5x1010 k? (0=
72, A=10°1m2 a=07,0=02&Q=M),T,
2400 years — primordial BH.

v K-N: G?M?<GQ?%+a?c? — 2 EH desappear, but x =0
— they are not destroyed and therefore do not leave
the naked singularity singularity — Penrose’s Cosmic
Censorship Conjecture* .

v' TT as the mass evaporates genetating an increase in
ordinary S outside the BH*.

v Generalized S of the state of the region outside the BH
should be increases.

v'S & A decrease individually, but the S, always
increases.

vap ~

*Penrose, R. 1999, J. Astrophys. Astr., 20, 233-248.
*

Bardeen, J. M., Carter, B., & Hawking, S. W. 1973, Commun. Math. Phys., 31, 161-170.

Bekenstein, J. D. 1974, Phys. Rev. D, 9, 3292-3300.

Sorkin, R. D. 1998, The Statistical Mechanics of Black Hole Ther- modynamics. In Black Holes and Relativistic Stars (Wald, R. M.
ed.,). Chicago: University of Chicago Press.

Thorne, K. S., Zurek, W. H., & Macdonald, D. A. 1986, Black holes: The membrane paradigm (Thorne, K. S., Price, R. H.
MacDonald, D. A. ed.,). New Haven: Yale University Press.

Unruh, W. G., & Wald, R. M. 1982, Phys. Rev. D, 25, 942-958.

Wald, R. M. 1994, Chicago Lectures in Physics (1st ed.,). Chicago: University of Chicago Press.

Wald, R. M. 2001, Living Rev. in Rel., 4, 6-27.
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Abbott, B. P., Abbott, R., Abbott, T. D. et al. 2016a, Phys. Rev. Lett.,, 116, 1-19.

Abbott, B. P., Abbott, R., Abbott, T. D. et al. 2016b, Phys. Rev. X., 6, 041015-1-041015-36.
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Results

TABLE 1 Thermophysical properties of black holes calculated from three intrinsic properties: mass, spin, and electric charge.

Black hole type T, (M (kg)) A (m?) K (ms?) T(K) Spu(JK™')  fegp(®) S (UKD Ag_
GWI151226 975 x 107  0.78 0 2.63x10'"  3.11x10'"  1.26%x10 3.48x%10°7  7.68x10™* 6.95x10°7  5.25%x10"
S35 <1 a2 0 9.13x10' 5.28x10'! 2.14x107 1.21x10°7  1.58x10™ 2425107  1.83%10M
495 % 10’ 0.71 0 6.78x10'° 6.13x10'! 2.48x10° 8.98x10°® 1.01x10™ 1.8x 107  1.36x10'"
378 x 1031 0.56 0 3.95x10'°  8.03x10'! 3.25x10°7  5.23x10%  4.48x10" 1.05x107  7.9x 100
Schwarzschild  [9.89 x 10 0 0 27x10°  3.07x102  124x10%  35x10"  8.03x10’! 7.16x10% 541 x10°]
R-Nordstrém 3.5 x 10% 0 0.2 3.4x 100 867x10%  35Ix107  45x108°  3.6x10%%  90x10'8 6.8x 1040
5.0 x 10°% 0 0.2 6.9x 108 6.07x109  246x1077  92x1034  1.0x10%° 1.8x% 10'%  14x10'¥
Kerr 7.07 x 10°0 0.7 0 1.4x 1013 429x10% 1.74x10%  1.8x10'77 29x10%4  37x10'7 28x101!
2.5 % 1086 a7 0 1.7x10120  121x10% 492x10%  23x10'% 13x1028  4.6x10'% 3.5%x10120
3.94%x10% 0.7 0 43%x10116  77x10% 3.12x10%  57x101%2 51x1022 1.1x 1019  8.6x10!16
142x 10¥ 0.7 0 56101 2110 866x10%2 74x10®! 2.4%10%! 151012 Lixio"®
1.31 x 102 07 0 476x10'"  231x10'"  937x10'°  6.31x10°7 1.88x107° 1.26x10°®  9.53%x10"!
Messier 87 1.23x10% 0.95 0 42 x 1077 246x10° 997x10'®  557x10° 1.6 x 10% 1.11x10™  8.41x10%

v" M87 BH 6,200,000,000 M©®, a = 0.90+0.05*, EHT the first shadow’s image.

v Schwarschild and Kerr-Newman BHs - T “mostly significant” than M87 BH.

v' T is so low that it makes the BHs "undetectable“: BHs’s mass & quantum effects by entropy
formula.

v EHT was able to get the first M87 BH photograph despite the “insignificant” quantum effects*.

v' T just above absolute zero: 3" law of black hole mechanics and 3 law of thermodynamics M87 Supermassive Black Hole image

satisfied - the extreme black hole state cannot be reached. : Tamburini F.. Thidé. B. & Della Valle, M. 2019, MNRAS Lett. 000, 1-14.

\/MaSS decreases during the evaporaﬁon Process, Stevap’ AStevap tevap’ SBH and A ‘L while k& TT Akiyama, K., Alberdi, A., Alef, W. et al. 2019a, Astrophys. J. Lett., 875: L1, 17.

Akiyama, K., Alberdi, A., Alef, W. et al. 2019b, Astrophys. J. Lett., 875: L4, 52.
Akiyama, K., Alberdi, A., Alef, W. et al. 2019c, Astrophys. J. Lett., 875: L6, 44.



Forthcoming Research

The time of life of the material content of the BHs would have to
be analyzed from the quantum point of view of the particles
that make it up, to verify that these are particles that can be
detected by a highly sensitive detector such as EHT, since the
calculations showed that

t >> h
evap MC2




Conclusions

v'The entropy formula equated with Bekenstein's generalized 2" law of thermodynamics, fulfill the
objective of elucidating that the intrinsic quantum effects, occupy a central role in the compliance with

physical laws.

v'BHs can be detected despite that the Hawking effect, which reveals their presence, is not significant

in this type of holes.

v'The formula can contribute to the detection of the image of these BHs, since the detection of this
type of black holes is directly linked to the "insignificance" of the intrinsic Hawking effect in obtaining

the shadow image of the event horizon of M87 BH achieved by EHT.
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