Gravidynamics (scalar-tensor gravitation) and
the observed discrete mass spectrum of
compact stellar remnants in close binary
systems.
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(1) There are two new observational facts:

the mass spectrum of neutron stars and black
hole candidates shows an evident absence of
compact objects with masses within the
interval 2 - 6 solar ones, and in close binary
stellar systems with a low-massive optical
companion the most probable mass value (a
peak in the masses distribution of black hole
candidates) is close to 7 masses of the Sun.
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here the number of free parameters is
substantially fewer.

But the statement of observational problem
and its performing took more than 40 years.

from Cyg X-1 (1975)



In the long run,

the statistics of the stellar BH candidates
became equal to the statistics of neutron
stars.
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X the road test:
X X X X X FTNRBRY Moy
Farr et al. 2011,
Kreidberg et al. 2012;
Kiziltan et al. 2013,

+ a new paper by the SAl team (V. S. Petrov, A.M.
Cherepaschuk, E.A. Antokhina, 2014)

Kreidberg et al. 2012
(Particularly) on mass of compact objects
In systems with a faint companion star

g =Mopt / Mx £ 0.1
For such systems the optical star is a probe body:
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Ozel et al., ApJ, 757:55-, 2012
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Fig. 15.0 For the case of black holes, we used the exponential distribution with a low mass cut-off at Mc = 6.32M$
and a scale of Mscale = 1.61M$ obtained in 10zel et al. (2010a). The solid lines represent the weighted mass
distributions for each population, for which appropriate fitting formulae are given in the Appendix. The
distributions for the case of black holes have been scaled up by a factor of three for clarity.



Such a gap is puzzling
in light of all theoretical studies
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that predict a continuous distribution

of the compact object SN remnant masses

with a smooth transition from NSs to BHs



Ozel et al, 2010

1F | g
B \ i
i I\ ]
|
(7 I
] :
o
o
=
£ 0.1 |
-1 |
© i
= ’|
=
ol |
by
E'|
P :
[1.01_ i | R | ]
5 10 15 20 25

Black-Hole Mass (M,)

Figure 2. Solid line shows the sum of likelihoods for the mass measurements
of the 16 black holes in low-mass X-ray binaries. Note that because of the high-
mass wings of the individual likelihoods, the shape of their sum is artificial at the
high-mass end. The dashed and dotted lines show the exponential and Gaussian
distributions, respectively, with parameters that best fit the data (see Section 4).
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Fig. 6. The total probability densitgM,) of distribution of compact object masdds
in 20 X-ray binary systemgV. S. Petrov, A.M. Cherepaschuk, E.A. Antokhina , 2014 ,
Astronomicheskii zhurnal, 91, No.3, p.167)



Kreidberg et al. 2012 ApJ, 757:36, Fig.8
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Yes!

Here the fight goes on for a long time already.

And one of the reasons is the maximum mass of
neutron star after which (immediately!) the
of I O1 K2fSa Ydzad o0S3IA\

But, accordingtoO z e | et al . 201
they do not begin



Such a gap is puzzling in light of theoretical
studies 0 Dw b | ff | &0NP2LK

that predict a continuous distribution of
compact object SN remnant

masses with a smooth transition from NSs to
BHs



(2) In the totally non-metric field/scalar-tensor

model of gravitational interaction the total
mass of a compact relativistic object with
extremely strong gravitational field (an
analog of black holes in GR) is approximately
equal to 6.7 solar masses with radius of a
region filled with matter (quark-gluon
plasma) approx. 10 m.



Gravidynamics: in this model of gravitational interaction (as well as in
electrodynamics) the field can be described by the energy which is
quite a definite part of mass of any gravitating object (like the
electromagnetic mass of electron).

All known effects of the weak field are explained (as well as in GR), since in
GKAA OF&asS GKS FTAStTtR Aada YlFAytea 2y

But in the strong field of a compact object the role of the scalar component ¢
repulsion/antigravitation ¢ increases.

A half of the total mass (6.7 MO) of such an object already consists only of
thefield Cascalar-U Sy a 2 NJ YA E U dzNb X

Astrophysics and Space Science, 1993, 201, p.303, V.V.Sokolov, and S.V.Zharikov,
+Fff NBFSNBYOS&a UKSNBX
To what density is the field energy non-localizable ?

¥



The gauge invariance

The consistent dynamic interpretation of the field equations consists
In the fact that the potentials of the figld (just as in ED) must be
understood absolutely independently of the chosen mejgics

Like a vector 4potential in ED{;, can be of any value by virtue
of the indeterminacy of

ik > Vg + Aj g + Ag i+ A . D

This transformation fo€];, is thegauge transformatiowith an
auxiliary 4vectorA; and a 4scalar$.



Basic equations

Corresponding field equations which are relativistically and
gaugeinvariant(1), will be of the form:

f
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ik, i1,k kl,i 4 ik (vl
— W PR R gk (g ) =

n# = diag(+ 1,-1, -1, - 1) 1s the diagonal Minkowsky's metric tensor

ais determined by the choice of unit 1Gy, .
Tk is the EMT of point particles as was mentioned above, and

T'k,k:O



Basic equations
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The second rank symmetric ten§fg can be decomposed into corresponding spin
parts:

In generalthe tensoil® is the source of fields with four spins also:



No vector source

Uitk = Wik + Aij gk + Ak i + A k.

The gauge invarianckeads to a demand for sources following the
strong conservation law (Neuther's identity):

.k L
T =0
l.e. to the absence of a vector source.

Since there isio vector T, the direct use ahegauge invariance
allows excluding aector field (corresponding to this source)

contained in the symmetric ten<gy,
([Fi] = 0@0@1®2. ) inthe general case.



The Hilbert-Lorentz gauge condition

It means that if the gauge is chosen in such a way that in the theory
there is no vector

B' = LP’,’,’: —
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The conditionl ' = Qin the conservation of the curreRt , = 0,
retains in the theory thgravitons with two spins

So,for real gravitons there remains:
Wik = 0@ 2,
Tik: =066 2.

And the source opurely scalar gravitonsis a nonzero traceof the EMT
of point particles:

(T =T = (¥ = &)



Tix] =06 2.
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Perturbation theory -> including nonlinearities,
smallness of G 1T the gravitational interaction constant,
nonlinear corrections in Lagrangian

The higher is probability, - |
the higher is the enerqy density P ek gravitons
of gravitational field ”‘;/'

The correct the field energy including itself =
the correct nonlinear processes including.

Localizability (locality) and the energy sign

=

the local process, the field in the first approximation

»:)o/"‘”
7 m>0
/7
T . the local process, the second approximation
L ol doo >0



To what the size of the gravitational field energy

density itself can be considered non-localizable?
(e. g., see in L.D. Landau & E.M.Lifshic, Vol. Il, chapter XI, A 96)

When the contribution of this energy should be
Included in the mass of a field source

as It i1s done for electron?

Where is graviton born eventually?
(like photons in ED)



Localizability = locality in GraviDynamics

source-poi nts and fAtesto

eventually: only two types of real gravitons

only(!) two nonlinear processes
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And at which field energy density
such process become essential !?

How and where it can be tested ?



The main assumption: gravitation Is
a local field theory, but not geometry.

As to formulae, they all are simple and
deduced by standard me

Eventually, the key Is to predict new
observational consequences in the strong
field...



A collapsar in gravidynamics

(See more in
Astrophysics and Space Science,
1993, 201, p.303, V.V.Sokolov, and S.V.Zharikoy,

+Fff NBFSNBYOSA (KSNEBX



o =07 - 1(Vey,) 1 GM~
0 = - 4
2 381G lomr 1

O = Bgo diag(1, 1/3, 1/3, 1/3). 6", =0

6 = 0
L o, m1=—L 6,
%:—;[r\{'(r)]=+2ij T, W, = Dyt Ve P
L4 o, =L 1 Tu=Ts" + % T

rdr’ 2ac'



r,= GM/c 2

T

J ep

1

- J{)o(r)

\'
o8}
© -

10

GM
————1 —
( 2r)

1

12
rirs



Po = 1/3 (U- 4B)
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Density profile for a quark star in GD (solid line).

Fat rectangle shows 'the background' created by gluons distributed
homogeneously (?) in the bag with Ropspa 1 0 k m.

'‘Vacuum' around the bag is filled by a 'gas' of virtual gravitons (the fur-
coat) with ew@Brgy density d

The densities are indicates at which 'the defreezing' of s, c,b,t, ...
guarks occurs.

The arrow indicates the density at which the perturbative QCD vacuum
must be totally restored (Utma 0. 7)) .

The dotted line represents the density profile of analogous quark
configuration in GR for 4B: ¢2 = 2} nucl (B = 78.5 MeV fm -3).



In gravidynamics

the contribution of the field energy to the
total mass of a stellar collapsar should be
al so taken 1 nto consi d
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(3) Polarized emission of gamma-ray bursts, a

black-body component in their spectrum and
other observed properties could be explained
by the direct manifestation of surface of
these collapsars.



the mass gap + SNe & GRBs

GRB is the beginning of CC-SNe explosion



MISSING BLACK HOLES UNVEIL THE SUPERNOVA EXPLOSION MECHANISM

Belczynski et al, arXiv:1110.1635v2
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http://lanl.arxiv.org/abs/1110.1635v2

The model of an asymmetric explosion of a GRB/SN progenitor

7

éa strongly non
spherical explosion may

: The shock ?
be a generic feature of breaks out
core-collapse through the wind

supernovae of all types.

eéThough while 1t i
clear that the same
mechanism that
generates the GRB is
also responsible for
exploding the star.

astroph/0603297
Leonard, Filippenko et al.

56Ni synthesized
behind the
shock wave

The wind
envelope

Fig. from Astroph/0604131, Woosley and Heger

Though the phenomenon itself is unusual, the sowagect is not too
unique !/? The closer is a GRB, the more are SN signs



Gamma-ray bursts (GRBs) are the brief
(~0.01-Mmn N a0 AY 0 Srdyd(bostly fuls- & F
MeV) with enormous electromagnetic energy
release up to ~10°1-10°* ergs. The rapid temporal

gF NAFOATAORS 1+ ¢ FfMnO Ya!
compactd 2 dzZNDOSa&a A U0K I &aAl S
3000_km.
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But in such a model the compact source must
always have some radiating surface (but not an
event horizon) and, respectively, always occupy
some finite volume. Such an object can have
both a strong regular magnetic field and a
nonuniformly-radiating surface connected with
it. Thus, it may turn out that GRB sources do
not belong to black holes, because properties of
these massive compact sources are quite
different.



The main conclusion



This means that beside a strange NS and BH
mass spectrum (with the characteristic lack
of compact objects within the mass range

21 6 MO), the question may be also on a new
property of compact objects — candidates to
black holes: like NSs, they can have a
selected (the most often found in these
CBSs) mass value.
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