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GRB 220101A, detected by the Swift satellite with a redshift of ( z = 4.618 ) and an

equivalent isotropic energy of 4×1054 ergs, is categorized as a Binary Driven Hypernova of

type one (BdHN I). Within the BdHN model, the GeV emission observed by Fermi/LAT
is attributed to the newborn Kerr black hole. By analyzing this emission, we determine

the mass and spin of the Kerr black hole. The theoretical values obtained for the mass are

consistent with those expected for black holes in the literature, supporting the hypothesis
that the GeV radiation is indeed powered by the newborn Kerr black hole.
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1. Introduction

The Binary Driven Hypernova (BdHN) model suggests that the progenitors of long

gamma-ray bursts (GRBs) are binary systems comprising a carbon-oxygen (CO)

star and a neutron star (NS)1–6. In this scenario, a supernova (SN) explosion

results in the formation of a newborn neutron star (νNS). For BdHN type I (BdHN

I), when the binary system has a sufficiently short distance and period, hypercritical

accretion of SN ejecta onto the companion NS leads to the creation of a Kerr black

hole (BH).

In this study, we focus on GRB 220101A, identified as a BdHN I7. The “inner

engine” of BdHN I is a Kerr BH with mass M and angular momentum J , situated

within an asymptotically uniform magnetic field B0, aligned with the BH’s rota-

tion axis the Papapetrou-Wald solution8,9. This BH is surrounded by a rarefied

plasma of ions and electrons10. The effective charge in the “inner engine”, which is

essential for explaining the 0.1-100 GeV radiation, arises from the gravitomagnetic

interaction between the Kerr BH and the surrounding magnetic field4,10–13. Energy

is extracted from the rotational energy of the Kerr BH, resulting in a decrease in

its angular momentum. The 0.1-100 GeV emission is attributed to synchrotron

radiation emitted by electrons and protons accelerated in an undercritical electric
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field regime see10 for more details.

In Section 2, we present the observational details of GRB 220101A and provide

a brief explanation of how we produced the corresponding 0.1-100 GeV luminosity.

In Section 3, we describe the configuration of the electric field around the black hole.

We also present the formulation of synchrotron radiation and the methodology for

determining the mass and spin of the black hole. Finally, Section 4 offers the

concluding remarks of the paper.

2. Observation of GRB 220101

GRB 220101A was sufficiently bright to trigger multiple satellites, including

Swift14,15, Fermi16,17, AGILE18, and Konus-Wind19, with the trigger time recorded

at 2022-01-01 05:11:13 (UT). The redshift of this gamma-ray burst (GRB) was de-

termined to be z = 4.6120,21. Based on the observed data from Fermi/GBM and the

known redshift, the equivalent isotropic energy is calculated to be Eiso = 4 × 1054

erg16,19.

For data in the GeV region, specifically in the 0.1-100 GeV range, we utilized

the Large Area Telescope (LAT) onboard the Fermi satellite. The data were down-

loaded from the FSSC LAT Data servera, and the flux was reproduced using the

gtburst interface. Following the Fermi catalog guidelines22, we performed a time-

resolved likelihood spectral analysis by dividing the temporal data into logarithmi-

cally spaced bins. If the test statistic (TS) value of a bin was smaller than 20, we

merged it with the subsequent bin and repeated the likelihood analysis. Over the

total 1000 seconds of GeV emission observation, each statistically significant time

bin was best fitted by a power-law spectrum. The total energy emitted in the 0.1-

100 GeV range is Eiso,GeV = 2.93× 1053 erg, and its luminosity follows a power-law

decay. See Figure 1 and Table 1 for detailed spectral analysis of each time bin and

the overall behavior of its luminosity.

Start time End time Time-Error Alpha Luminosity Luminosity Error

(s) (s) (s) - (erg/s) (erg/s)

15.69 95 55.345 -2.65 ± 0.766 8.2 ×1050 5.46 ×1050

95 105 100 -4.78 ± 1.45 5.8 ×1051 2.4 ×1051

105 120 112.5 -3.82 ± 1.08 4.5 ×1051 2.0 ×1051

120 138 129 -2.56 ± 0.517 7.9 ×1051 3.9 ×1051

138 160 149 -2.06 ± 0.418 9.1 ×1051 5.5 ×1051

160 230 195 -1.67 ± 0.47 2.7 ×1051 2.4 ×1051

230 600 415 -2.08 ± 0.543 1.5 ×1051 1.1 ×1051

4200 6200 5200 - 1.8 ×1050 -

ahttps://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi
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Fig. 1. 0.1-100 GeV luminosity of GRB 220101A obtained from Fermi-LAT.

3. Electric and Magnetic Fields Around Black Holes

The electromagnetic field in the polar direction θ = 0 and at small angles from it

is well approximated by4,10:

Er̂ = −2B0J G

c3

(
r2 − â2

)
(r2 + â2)

2 , (1)

Eθ̂ = 0, (2)

Br̂ =
B0

(
− 4GJ2r

M(r2+â2) + a2 + r2
)

(r2 + â2)
, (3)

Bθ̂ = 0. (4)

The effective charge in the inner engine is defined as Qeff = 2B0J G
c3

10. By
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substituting this effective charge into the charge of the Kerr-Newman solution,

Eq. (1) matches the radial electric field of the Kerr-Newman metric in the same

tetrad23.

Therefore, up to linear order in θ and in the dimensionless BH spin parameter

α ≡ â/(GM/c2), the electric field can be expressed as

Er̂ ≈ −2B0J G

c3

(
r2 − â2

)
(r2 + â2)

2 ≈ −1

2
αB0

r2+
r2
. (5)

where r+ = (M̂ +
√
M̂2 − â2) is the (outer) event horizon, M̂ = GM/c2, and

â = a/c = J/(M c), being M and J the mass and angular momentum of the Kerr

BH

3.1. Acceleration in Non-Polar Axis

For the current electric field, and assuming radial motion, the dynamics of electrons

in the electromagnetic field, for γ ≫ 1, is given by:

mec
2 dγ

dt
= e

1

2
αB0c−

2

3
e4
B2

0 sin
2 ⟨χ⟩

m2
ec

3
γ2 (6)

where where γ is the electron Lorentz factor, ⟨χ⟩ is the injection angle between the

direction of electron motion and the magnetic field, and mr is the electron mass.

For more detail see Ruffini et al., 201910.

The synchrotron spectrum peaks almost at the critical photon energy:

ϵγ =
3eℏ
2mec

B0 sin ⟨χ⟩ γ2 =
3

2
mec

2β sin ⟨χ⟩ γ2 (7)

During the acceleration, the Lorentz factor increases linearly with time up to an

asymptotic maximum value, which is set by the balance between the energy gain

due to the acceleration in the electric field and the energy loss by the synchrotron

radiation, equal to:

γmax =
1

2

(
3

e2/ (ℏc)
α

β sin2 ⟨χ⟩

) 1
2

(8)

And the synchrotron cooling time scale t = tc for the maximum critical energy

of photon is obtained as follows:

tc =
ℏ

mec2
3

sin ⟨χ⟩

(
e2

ℏc
αβ3

)− 1
2

(9)

At the end of each process, all the available electromagnetic energy has been

converted to the kinetic energy of the electron and the synchrotron radiation emitted
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in GeV band. The internal motor starts working again with the same magnetic field

B0, but with a new but slightly smaller angular momentum, J = J0 − ∆J where

∆J is the magnitude of the momentum extracted in the previous process.

So far, we know that the internal engine has three main parameters to measure,

which are the mass of the black hole M , the spin of the black hole α, and the

strength of the magnetic field around the black hole B0. To obtain these three

parameters, three physical and astrophysical conditions are needed. We also obtain

the irreducible mass of the black hole, which is kept constant through the extraction

process. The three main conditions are:

Condition 1:

First, we need the black hole spin energy to provide the energy budget for the

observed GeV emission energy:

Eextra ≥ EGeV (10)

According to the extractable energy formula and black hole mass10,24–27, we

reach the following inequality between M , α, and EGeV:

M ≥ 1

η

EGeV

c2
, η ≡ 1−

√
1 +

√
1− α2

2
(11)

We know that ηmax ≈ 0.293 and αmax = 1. It is also important to remember

that by keeping the irreducible mass constant in the energy extraction process, we

are measuring a lower limit for the black hole mass. The irreducible mass increase

means a higher mass for the black hole to account for the same GeV energy.

Condition 2:

A cloudy environment forms around this black hole and GeV photons need a

transparent environment to escape from the electric and magnetic fields around the

black hole. We will show here the necessary transparency for photons to escape.

The attenuation coefficient for this process is equal to:

β ≪ 16

9

e2

ℏc
1

α
≈ 1.298× 10−2

α
, B0 ≪ 5.728× 1011

α
G (12)

R ≈ 0.23
e2

ℏc

(
ℏ2

mec

)1

β sin ⟨χ⟩ exp
(
−4/3

ψ

)
(13)

Condition 3:

The duration of synchrotron radiation or cooling time tc obtained from the

previous equations should be equal to the observed duration of GeV emission:

τrad,1 =
E1

LGeV,1
(14)
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where E is the electrostatic energy available for the process. The subscript ”1”

refers to values evaluated at the beginning of the GeV emission transparency (i.e.,

at the end of the UPE phase) at t = trf,UPE. Therefore, the third equation of the

system is:

tc (⟨χ⟩ , α, β) = τrad,1 (µ, α, β, LGeV,1) (15)

Therefore, by applying these three conditions, the three main parameters of the

internal engine are defined as follows:

We insert and apply the (1-21) to obtain a lower limit for the mass and spin of

the black hole.

By inserting the (1-29) of the second condition for a certain α, we get the upper

limit of the magnetic field.

We obtain the following expression for β as a function of α, observable luminosity

and energy, EGeV and LGeV respectively:

β (ϵγ , EGeV, LGeV,1, α) =
1

α

(
64

9

√
3
e2

ℏc
ϵγ

B2
c r+ (µ, α)

3

LGeV,1

eBcc2

)2/7

(16)

Using the values obtained in Section 2, namely EGeV = 2.93 × 1053 erg and a

peak luminosity of LGeV = 9.1× 1051 erg s−1, the final values are: β = 6.8× 10−4,

α = 0.546, M = 3.94M⊙, and Mirr = 3.78M⊙, which are well aligned with typical

black holes previously observed in GRBs.

4. conclusions

In conclusion, our analysis of GRB 220101A demonstrates the viability of the Binary

Driven Hypernova model in explaining the observed GeV emission attributed to

a newborn Kerr black hole. By meticulously analyzing the data obtained from

the Fermi/LAT observations, we have established a compelling correlation between

the characteristics of the emission and the fundamental properties of the black

hole, including its mass and spin. The findings align with theoretical predictions,

reinforcing the notion that such gamma-ray bursts are closely linked to the dynamics

of newly formed black holes.

Moreover, the determination of the black hole’s mass at approximately 3.94

solar masses and its spin parameter of 0.546 further underscores the complex in-

terplay between gravitational dynamics and electromagnetic processes in extreme

astrophysical environments. This work not only enriches our understanding of GRB

mechanisms but also paves the way for future investigations into the role of black

holes in cosmic events. We acknowledge that the synchrotron radiation presented

here may need to be replaced by curvature radiation, and that the transparency

condition requires further detailed consideration, which will be the focus of future

works.
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