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Theory of Gamma-Ray Bursts

Sylwester Kornowski

Abstract: Here, using the dynamics of the core of baryons described within the Scale-
Symmetric Theory (SST), we explain the origin of the rest frame peak energy versus isotropic 
energy for Gamma-Ray Bursts (GRBs). We present also how isotropic energy depends on 
mass of captured star by the most massive neutron star.

1. Introduction
In papers [1], [2], [3], [4], we described partially phenomena characteristic for the Gamma-

Ray Bursts – we took into account the theory of baryons and the theory of most massive 
neutron star (which we call also the neutron black hole (NBH)) both described within the 
Scale-Symmetric Theory (SST) respectively in [5] and [6].

Here, using the dynamics of the core of baryons described within the Scale-Symmetric 
Theory (SST), we explain the origin of the rest frame peak energy versus isotropic energy for 
the short-duration Gamma-Ray Bursts (SGRBs) and long-duration GRBs (LGRBs). We 
present also how isotropic energy depends on mass of captured star by NBH.

We use the formula for GRBs, which is derived in [4], that shows how the time duration of 
a burst, tBurst, depends on mass of star, mStar, captured by NBH with a mass of MNBH = 
24.81 [solar masses]

tBurst = 716 (mStar / MNBH)4 [seconds] . (1)

The SGRBs lasts shorter than 2 seconds while LGRBs longer than 2 seconds. From (1) we 
can calculate that the threshold time is for mass of star equal to mStar,threshold = 5.7 [solar 
masses].

Some baryonic analog to stars captured by NBH looks as follows [4]

mStar / MNBH = mParticle / n , (2)

where mParticle is mass of particle that in the theory of GRBs represents mStar while mass of 
the neutron, n = 939.565 MeV, represents mass of NBH.

SST [5] shows that theory of NBH and theory of the core of baryons are similar. It causes 
that we can solve many theoretical problems concerning GRBs. Due to quantum effects, there 
is created orbit/tunnel in spacetime near the equator of the core of baryons so the same 
concerns the NBH. It causes that initially the captured star is packed in thin torus/orbit/tunnel 
so it is the very dense nuclear plasma. According to SST, such plasma consists of the cores of 
baryons – it means that the orbits outside the core, besides the orbit tangent to the equator, are 
destroyed. This causes that there dominate the carriers of the weak interactions, i.e. the scalar 
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Y = 424.12 MeV in centre of the core of baryons and the scalar with a mass equal to mass 
of the neutral pion πo = 134.98 MeV. From (2) and (1) follows that the two masses relate 
respectively to the LGRBs (it is easy to calculate that the averaged time duration is equal to 
~30 seconds) and to the SGRBs (the averaged time duration is ~0.3 seconds) – such GRBs 
should be most numerous what is consistent with observational facts. In such a way, we 
proved that GRBs are directly associated with the neutron black hole and with very dense 
nuclear plasma which consists of the cores of baryons described within SST. We must 
radically change the theory of baryons.

Notice that from (1) and (2) we obtain that the ratio of the averaged time durations of 
LGRBs and SGRBs is

f = tLGRBs / tSGRBs = (Y / πo)4 ≈ π4 = 97.4 times , (3)

i.e. is about 100 as it should be.

2. The LGRBs
The isotropic energy, Eiso, emitted in GRBs should be directly proportional to the product 

of mass of captured star by NBH and some relative coupling constant, αRelative,

Eiso = mStar αRelative , (4)

where
αRelative = αi / αo (5)

depends on the hedgehog mechanism which describes emission of the isotropic energy [2]. In 
SST, the four known interactions are described by the following formula for coupling 
constants, αi,

αi = Gi Mi mi / (h c) ,                       (6)

where Gi is the constant of interaction which depends on density of field (density of all the 
scalar condensates, which carry the weak interactions, is the same i.e. GWeak = constant [5]), 
Mi = MCarrier is the mass of carriers of interactions, and mi = mFlow is mass of exchanged 
particle (it can be a condensate) i.e. it is mass of a particle that flows between the carriers.

For the condensates, from (5) and (6) we have

αRelative = MCarrier mFlow / (Mo,Carrier mo,Flow) , (7)

where Mo,Carrier and mo,Flow are the maximum possible values.
The LGRBs are produced because of exchanges of the condensates Y i.e. mFlow = Y. Such 

condensate is exchanged between two neutrons while maximum mass of condensate can be 
equal to mass of two colliding neutrons so Mo,Carrier = mo,Flow = 2n. Condensates flow 
inside strings composed of neutrons with spins tangent to the strings. The real mass of 
carriers, MCarrier, changes from (e+ + e–)bare = 1.0208 MeV, where (e+,–)bare = 0.510407
MeV [5] to (n + n) = 1879.13 MeV. From it we can calculate that MCarrier / Mo,Carrier is 
defined by following interval: F ≡ (0.0005432, 1).

The above remarks lead to following formula
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Eiso,LGRBs = mStar ESun [Y / (2 n)] F , (8)

where mStar is expressed in [solar masses] and ESun = 1.79·1054 erg is the energy of the 
Sun.

Masses of LGRBs are defined by the interval:

5.70 [solar masses] ≤ mStar ≤ 24.81 [solar masses]

It leads to the lower and upper limits for isotropic energy of LGRBs

Eiso,LGRBs is defined by the interval (1.25·1051, 1.00·1055) erg . (9)

For mStar ≥ MNBH = 24.81 [solar masses] there are created new NBHs so involved mass 
responsible for isotropic energy is

m = mStar – k MNBH > 0 , (10) 

where k is the maximum possible natural number. It leads to conclusion that isotropic energy 
of stars with mStar ≥ MNBH are placed inside the derived here intervals for LGRBs and 
SGRBs.

3. Peak energy, EPeak
For torus we have that its squared radius is directly proportional to surface. On the other 

hand, peak energy should be directly proportional to radius of the torus while isotropic energy 
should be directly proportional to surface. From it follows the relation

EPeak = Eo,Peak (Eiso / Eo,iso,maximum)1/2 . (11)

The Eo,Peak and Eo,iso, i.e. the maximum values, we can calculate from the boundary 
conditions. The maximum isotropic energy for LGRBs is Eo,iso,maximum,LGRBs = 1.00·1055

erg (see (9)). For such isotropic energy, the peak energy should be equal to the weak mass of 
the central condensate Y

Eo,Peak = αWeak Y = 7.94 MeV , (12)

where αWeak = 0.0187229 is the coupling constant for the nuclear weak interactions [5] –
emphasize that in nuclear plasma dominate interactions via the scalar condensates i.e. 
dominate the nuclear weak interactions.

Such conditions lead to following relation

EPeak,LGRBs = Eo,Peak (Eiso,LGRBs / 1.00·1055 erg)1/2 . (13)

The lower and upper values are:
EPeak,LGRBs,lower = 88.8 keV,
EPeak,LGRBs,upper = 7.94 MeV. (14)
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4. The SGRBs
The SGRBs are produced because of exchanges of condensates with a mass equal to mass 

of the neutral pion πo = 134.98 MeV i.e. mFlow = πo.
Most important is the fact that due to the nuclear weak interactions, the neutral pion, which 

is produced inside the core of baryons, can collapse to a scalar condensate and next decay to 
four energetic neutrinos: ENeutrino = πo / 4 = 33.74 MeV [5]. Then, a star can 
quickly/promptly emit energy because of the emitting energetic neutrinos which very weakly 
interact with matter.

The minimum star size is estimated to be about 0.083 [solar masses] [7]. On the other 
hand, SST shows that the progenitor of the Higgs boson (H = 125.0 GeV) has mass 3.097 
MeV [5]. From formula (2) follows that such a mass relates to 0.0818 [solar masses]. It 
shows that within SST we can calculate the lower limit for mass of stars!

Masses of SGRBs are defined by interval:

0.0818 [solar masses] ≤ mStar ≤ 5.70 [solar masses]

The above remarks lead to following formula

Eiso,SGRBs = mStar ESun [πo / (2 n)] F , (15)

It leads to the lower and upper limits for isotropic energy of SGRBs

Eiso,SGRBs is defined by the interval (5.71·1048, 7.33·1053) erg . (16)

Such conditions lead to following relation

EPeak,SGRBs = Eo,Peak (Eiso,SGRBs / 7.33·1053 erg)1/2 , (17)

The lower and upper values are:
EPeak,SGRBs,lower = 22.2 keV,
EPeak,SGRBs,upper = 7.94 MeV. (18)

But only for Eiso,SGRBs equal to about 1051 erg – 1052 erg, the SGRBs are placed near the 
curve defined by (15) and (17). It results from the fact that SGRBs choose special conditions 
to “smoothly” emit the excess energy. But emphasize that the ratio πo/(2n) cannot be 
changed.

Let us consider a few examples. In formula (15), we can choose mStar and value from the 
interval F. In formula (17), we can choose value of Eo,Peak.

A)
The first relativistic mass of charged pion above the Schwarzschild surface for the nuclear 

strong interactions is Wd=2 = 181.704 MeV [5]. From (2) it relates to mass of star equal to 
4.80 [solar masses]. Assume that the F is defined by F = αWeakY/n = 0.00845. It leads to 
(see formulae (15) and (17))

Eiso,SGRBs = 5.22·1051 erg,
EPeak,SGRBs = 671 keV. (19)
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B)
The same as in A) but the EPeak,SGRBs = 671 keV decreases Y/πo = 3.14 times. We have

Eiso,SGRBs = 5.22·1051 erg,
EPeak,SGRBs = 214 keV. (20)

C)
The upper limit mStar = 5.70 [solar masses] relates to F = μ+,–/n = 0.11246, where μ+,–

= 105.66 MeV is the mass of muon. For EPeak,SGRBs = αWeakY we have

Eiso,SGRBs = 8.24·1052 erg,
EPeak,SGRBs = 7.94 MeV. (21)

D)
The lower limit mStar = 0.0818 [solar masses] relates to F = (n – p)/n = 0.0013765, 

where p = 938.272 MeV is the mass of proton. For Eo,Peak,SGRBs = πo we have

Eiso,SGRBs = 1.45·1049 erg,
EPeak,SGRBs = 600 keV. (22)

Obtained here results are collected in Fig.1. We can compare them with observational data 
(see Fig.5 (left panel) in [8]).

5. Summary
Here, using the dynamics of the core of baryons described within the Scale-Symmetric 

Theory (SST), we explained the origin of the rest frame peak energy versus isotropic energy 
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for GRBs. We described also the dependence of isotropic energy on mass of captured star by 
the most massive neutron star.

The dependence of the rest-frame peak energy on the isotropic energy we can present using 
following relation

log (EPeak [keV]) = ai + bi log (Eiso [erg] / 1052) . (23)

Results obtained in this paper, on the basis of the SST structure of baryons and the theory 
of most massive neutron star, lead to:

* for the LGRBs is (i = L): aL = 2.40 and bL = 0.50 (the blue solid line in Fig.1), (24a)

* for the SGRBs is (i = S): aS = 2.97 and bS = 0.50 (the black dashed line in Fig.1) (24b).

Of course, the nuclear quantum processes widen the blue-solid and black-dashed lines – it 
should be a Gaussian-function-like widening. Notice also that in Paragraph 4, we described 
the special cases A), B), C) and D) concerning the SGRBs.

Emphasize also that due to the lowest mass of star (0.0818 [solar masses] – see this paper) 
and the highest mass of neutron star (24.81 [solar masses] – see [6]) and the condition (10) in 
this paper, there should be the upper and lower limits for the lines/segments defined by (24a) 
and (24b). Moreover, when we take into account the masses of stars defined by the interval
(0.0818, 24.81 [solar masses]), the mass of star equal to 5.70 [solar masses] separates the 
SGRBs from LGRBs.

Here we described the cases when a star is captured by the most massive neutron star but 
there can be realised the second scenario: a massive star with a mass higher than 24.81 [solar 
masses] collapses to the most massive neutron star (it looks as a supernova) and just next, the 
rest mass of the initial star is captured by the created neutron star (it looks as a GRB) – the 
GRBs that lay outside the lower limit defined by (24a) were created in such a way.
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