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The presence of well organized plasma structures around binary systems of collapsed objects [1,2]
(black holes and neutron stars) is proposed in which processes can develop [3] leading to high energy 
electromagnetic radiation emission immediately before the binary collapse. The formulated theoretical 
model supporting this argument shows that resonating plasma collective modes can be excited in 
the relevant magnetized plasma structure. Accordingly, the collapse of the binary approaches, with 
the loss of angular momentum by emission of gravitational waves [2], the resonance conditions with 
vertically standing plasma density and magnetic field oscillations are met. Then, secondary plasma modes 
propagating along the magnetic field are envisioned to be sustained with mode-particle interactions 
producing the particle populations responsible for the observable electromagnetic radiation emission. 
Weak evidence for a precursor to the binary collapse reported in Ref. [2], has been offered by the Agile 
X-γ -ray observatory [4] while the August 17 (2017) event, identified first by the LIGO-Virgo detection of 
gravitational waves and featuring the inferred collapse of a neutron star binary, improves the evidence of 
such a precursor. A new set of experimental observations is needed to reassess the presented theory.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

As is well known, the interpretation of the events producing 
the gravitational waves [1] detected by the LIGO instrument [2]
has been that they involve the collapse of a two black holes bi-
nary and, in one case, of a two neutron star binary. The absence of 
electromagnetic radiation emission coincident with the collapse of 
black hole binaries, or following it, has led to predict [3] and in-
vestigate the possibility that this emission should occur before the 
collapse.

The conjecture is made that before the collapse a well defined 
(e.g. disk like) plasma structure is formed around the binary sys-
tem. This structure can sustain coherent plasma modes that are 
excited when the orbiting frequency of the two objects increases, 
as the time of collapse is approached, to the point where it equals 
that of the frequencies of the modes that can be sustained. We 
may argue that, if after the two black holes have collapsed, no 
coherent plasma structure is formed, a high energy radiation emis-
sion like that characterizing the precursor event before the collapse 
would not take place.

In Section 2 a simple plasma structure [5] surrounding a two 
black hole binary system is introduced. In Section 3 the two-disk 
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plasma density distributions (vertical profiles) that can be associ-
ated with the considered binary system are derived. In Section 4
the “Master Equation” is introduced for modes (perturbations) 
characterized by rapid radial oscillations and a “ballooning” struc-
ture in the vertical direction [5]. In Section 5 the “low frequency” 
magneto-gravitational modes that can be sustained by a plasma 
surrounding a single black hole are discussed in order to illustrate 
the characteristics of ballooning mode geometries. In Section 6 the 
structure of the quasi-tridimensional modes which can resonate 
with the orbiting frequency of the binary system, is introduced. 
In Section 7 plasma density and magnetic fluctuations that can be 
driven by the oscillatory component of the gravitational potential 
associated with the binary system, are identified. In Section 8 the 
suggestion is made that the driven modes, which are standing in 
the vertical direction, decay into oppositely propagating waves. The 
mode-particle resonance interactions associated with theses waves 
should create the high energy particle populations [6] needed to 
produce the high energy radiation emission that should constitute 
a precursor event.

2. Theoretical model

We analyze a theoretical model involving two black holes [1]
with equal masses M orbiting around each other and separated 
by a distance d. As angular momentum is lost by the system, the 
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orbit frequency Ωob of each black hole increases. Our main argu-
ment is that this frequency can rise to the point where it matches 
the frequency of the modes that can be excited in the plasma sur-
rounding the black hole pair.

The gravitational potential associated with the considered bi-
nary system [3] is intrinsically tri-dimensional and time depen-
dent, and can be represented as

ΦG = Φ0
G + Φ̂G

where
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and Φ00
G ≡ 2GM/R . Clearly, we take d2 � R2, R being the radial 

distance from the orbit center, and z2 � R2, z being the height 
above the orbit plane.
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and, considering a fixed distance R = R0 from the axis of the bi-
nary system, the relevant vertical forces surrounding a plasma disk 
structure are represented by

zρΩ2
k and zρε2

k Ω2
k cos

[
2(ϕ − Ωobt)

]
. (4)

Here Ω2
k ≡ (2GM/R3

0), ε2
k ≡ (9/2)(d2/R2

0) and ρ is the plasma 
mass density. For future use we define also Ω̃k ≡ εkΩk . Conse-
quently we have to deal with the three frequencies Ω̃k < Ωk <

Ωob .

3. Twin disks configuration

The unperturbed state is characterized by a twin plasma disks 
configuration as described in the following. We assume, for the 
simplicity that this configuration is immersed in a constant ver-
tical magnetic field B = Bez and that electrons and nuclei have 
the same longitudinal (high) temperature T‖ . Therefore, consider-
ing that ε2

k � 1, to lowest order in this parameter the configuration 
of interest is stationary. The relevant vertical equilibrium condition, 
ignoring the effect of the modulated potential Φ0

G , is

−Ω2
k zρh − 2

mi
T‖

dρh

dz
� 0, (5)

where ρh � minh with nh ≡ nih = neh represents the density of the 
“hot” energy particle population (electrons and nuclei) with a tem-
perature independent of z. Then

ρh(z, R0) � ρ0
h exp
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)
, (6)

as is well known, where
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represents the height of the stationary disk that is sustained 
by Φ0

G .

Clearly, the one-fluid Eq. (5) implies that the nuclei are gravita-
tionally confined while the electrons are electrostatically confined. 
In particularly, for E = −∇ΦE we have, at R = R0,
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as the radial equilibrium conditions vφ = Ωk R leads to identify a 
radial electric field component given by

E R + 1

c
vφ Bz � 0. (9)

The vertical momentum balance equation to next order in ε2
k

can be written as
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where ρ̂ f is the fluctuating component of the plasma disk struc-
ture that can be represented as ρ̂ f = ε2

k ρ̃ f cos[2(ϕ − Ωobt)]. Then 
Eq. (10) becomes
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that has the solution
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and we observe that the fluctuating component of the density pro-
file is double-peaked in z.

Thus we have a complete expression for the unperturbed den-
sity distribution that is
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and we observe that the fluctuating component of the density 
profile is double-peaked. Clearly, in this case the total confining 
electric field is not electrostatic.

4. Master equation

The Master Equation [5] is obtained from the total momentum 
conservation equation after applying to it the eϕ · ∇× operator. In 
particular eϕ · ∇ × Ĉ = −∂ Ĉz/∂ R + ∂ Ĉ R/∂z and, for
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]
exp

[
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,

we have eϕ · ∇ × Ĉ � {−ikR C̃z + dC̃ R/dz} exp[ikR(R − R0) + i2(ϕ −
ωt)] where k2

R R2
0 � 1.

In this context, using standard notations, we note that the 
poloidal component of the perturbed total momentum conserva-
tion equation is

ρ
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(14)

where P̂ = p̂ I + �P̂, and �P̂ = 0 if the pressure is isotropic as we 
assume for a start. Then, considering for simplicity the limit where 
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