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Quantization of horizon area
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Simple-minded arguments: A —

N generalized quantum number (the same power as #).

No sound arguments in favor of integer N, or equidistant spectrum.
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Introduction
The area of a black hole horizon behaves as an adiabatic invariant

(Quantization of horizon area

later (strings).

Simple-minded arguments: A = 8a~vyIl=N: [Z = hk/c”,

N generalized quantum number (the same power as #).
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No sound arguments in favor of integer N, or equidistant spectrum.
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Radiation spectrum of quantized black holes

Due to quantum effects, the minimum change of the horizon area
under adiabatic process is
(AA) = &L,

g

[hus, there are no “combinatorial” frequencies,

I.e., the radiation occurs when a site of given j disappears:
AN = a(j), w;=puTa(j).

Jiscrete spectrum! wWin = T a(Jmin)

Even finite number of lines: since v;,, > 1,
(Imax) = /p. Wiy = T'in(A g;-;'-',

However, anyway, exponential decrease.

Pirsa: 06060008 Page 4/23




‘microcanonical entropy).
With simple calculations, we obtain:

e multiplier g ).
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Number of quantum states

S— Ik,
K is the total number of quantum states, which depends essentially

on the assumptions related to the distinguishability of the sites.

—

| he only reasonable assumption:
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only sites with the same 7 are indistinguishable. Then
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Number of quantum states

S—Ink,
K is the total number of quantum states, which depends essentially
on the assumptions related to the distinguishability of the sites.

The o

on

y reasonable assumption:
L e +1 ! s e - : e .
only sites with the same 7 are indistinguishable. Then

S=1In | ] 1/ (Vi)

But what is in common with

A~ N =% al ] )i ?
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Holographic bound

Entropy S of any spherical nonrotating body confined
inside a sphere of area A is bounded as follows:

S < A/AL
— ,l_'.- !

with the equality attained only for a body that is a black hole.

To prove it, let this body collapse into a black hole. Then, we have

S < Son — Aon/AE < AJ4EZ.

Quite unexpected,
but for common objects too mild to contradict the common experience.

Alternative formulation:

AMmMong the sphnerica

[ [ . ;
ne surrace or a Dlack hole nNoriZon that nas the maximum entropy
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Number of quantum states

S —Ink .
K |

<
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the total number of quantum states, which depends essentially
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With simple calculations, we obtain:

% — L \ = — LR 5
} L I — __ i)jl i ;| L LL — l
r'rl il “] “

(a secular equation for the Lagrange multiplier g).

Pirsa: 06060008 Page 11/23




Radiation spectrum of quantized black holes

Due to quantum effects, the minimum change of the horizon area

under adiabatic process is
(AA) =Fi-.

[ hus, there are no “combinatorial”’ frequencies,

I.e., the radiation occurs when a site of given j disappears:
AN —aly), w; = pTa(j).
Jiscrete spectrum! wWin = 1T @(Jmin)

Even finite number of lines: since v;,, > 1,
@) = 100 /p1. e = T In(A/22).

However, anyway, exponential decrease.
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A

With simple calculations, we obtain:

(a secular equation for the Lagrange multiplier g ).

We need maximum S for given N ( microcanonical’ entropy).
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Radiation spectrum of quantized black holes

the minimum change of the horizon area
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[hus, there are no “combinatonial” frequencies,

I.e., the radiation occurs when a site of given j disappears:
AN —aly). w; — pFal(j)
Jiscrete spectrum! Wi = 1T a( 7min)

Even finite number of lines: since v;,, > 1,
A(Jmax) =Inv/p. wpae = TIn(A/L).
However, anyway, exponential decrease.
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Natural assumption: I'; ~ v; = vg(j)e ™7 '+ Then
I ~ RO R S R RN 5. TIRC o - =

..,' - e 11'/.1 —— Ir"'uLp' .;I-IE-’. 1! | i - -
Evhonential Wics Ele Ealncet) tree)
Exponential Wien profile (almost) free!

With an obvious extra factor (the “oscillator strength” ) we obtain

I!_\w. — _—1%-_3_*"';‘ i.i,ﬂ;_? _ x
Aw: =T ul da/d 1 )A 7.

]

—|pal(y)]|” e T Mg

Compare the line width I';Aw; = I; Aw;/w; with the line separation Aw;
I heir ratio is

¥

F; = —<[pa(j)]?e ) <107°! (% * < 0.5.)
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The total intensity

Jo s

drx3e T = 0.14AT* for PUBin ~ 1.

¥
-!-Tl" " }_I'r.t'r””

The constant 0.14 here is close to the Stefan - Boltzmann one

7= /60 = 0.164in the common Planck spectrum.

There is no Rayleigh - Jeans region here since wyjn ~ T (T ~ A!).
But its contribution to the total intensity is small anyway.

The result refers directly to photons and gravitons with 2 polarizations.
For other particles (fermions included!) one should change, if necessary,
the statistical weight only.
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Is Radiation of Quantized Black Holes Observable?

Analysis of observational data for secular perihelion precession of Earth
and Mars results in upper limit on dark matter density p in Solar system

p< 3x100*™ glem’.

Estimates for the expected signal from PBHs

are performed under the (optimistic) assumption that their density is
: —19 3

p~ 10" g/cm”.

PBH with initial mass m < mg = 5 x 10" g cannot survive till our time
due to their radiation. For masses larger than 10" g, the signal gets hopelessly

small. The estimates for reasonable masses are as follows:
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m, g n, cm ° r, cm T, MeV N, ph s . phcm s
S 1007 | 23 107 | 1.7 3¢ 19" 20 6 x 16" 1.6 > 10—
2x 10" | 5x 167 | 2.7 x 10" 5 1.5 50 10 1.6 x 167

10'° 10—°° 6.5 5 10+ 1 3 % 168 10—°

1017 10 (1) = 0.1 3 x 10 X 10

Table 1: Predictions for radiation of primordial black holes in Solar system
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The typical signature of radiating PBH would be 2 — 3 relatively
strong lines in the spectrum, for instance, with energies
about 5, 10, 15 MeV for PBH with mass 2 x 10'° g.

In particular, the plot below demonstrates that the sensitivity
of SPS spectrometer aboard the INTEGRAL satellite
Is in principle sufficient to observe the line around 5 MeV.
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IBIS 10% sec

SPI 10° sec

o
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Narrow lines sensitivity ph cm? s

solar system PEH prediction

10'5 | | | 1 N | | | | | T |
2 % 4
10 b Ene1r%y keV

Cloure 1 densitivity ot IBIS lMager Tor narrow line of E“nln'-||b{-= sollrce FY["‘HL‘.F-’{

for 10* s and of the SPI spectrometer for point-like source exposed for 10° s
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It can be demonstrated that our assumption
on the density of PBHs in the Solar system does not contradict
the best observational upper limits on it.

These limits do not preclude
the searches for quantized PBHs in the Solar system.

One should try!
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