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Research goals

In this thesis I present my work carried out in the field

of gamma-ray bursts (GRBs) with a duration of 10−2 −
−103 s. GRBs occur at cosmological distances, the amo-

unt of the emitted radiation makes them the most lumi-

nous events in the Universe. The source of these events

are thought to be collapse of very massive stars or the

inspiral of compact binary objects. The prompt phase,

during which the bulk of the energy is radiated away

in gamma rays, is followed by an afterglow lasting for

days or weeks. These afterglows can be observed on a

very wide electromagnetic range, from radio to the X-ray

wavelenghts. The shape of the spectra implies that the

radiation mechanism is synchrotrton and inverse Comp-

ton radiation.

Among the most important question of the GRBs’ we

can ask how many groups can be identified among them,

the quantities determining to which group is a GRB as-

signed to. The discovery of gravitational waves raises

the interest of their accompanying events, the kilonovae.

When constructing the observational strategy of a sky

survey program it is essential to know the intrinsic ra-

te of the so-called orphan afterglows (in these cases we
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detect only the afterglow radiation). My work addres-

ses these questions, I have carried out reserach in these

topics.

Applied methods

Observing the afterglow of GRBs’ at different wave-

lengths can provide us many information about the phy-

sical properties of these events. Using the rate at which

the afterglows fade (the ”slope” of the light curve), the

spectral indices (the ”slope” of the spectral energy dis-

tribution) we can calculate e.g. the density profile of

the circumburst medium, the opening angle of the jet,

the type of the radiation mechanism, etc. Utilizing the-

se methods I determined the characteristic properties of

some GRBs. Applying the Kolmogorov-Smirnov test I

compared the high energy quantities among the groups

[5]. Using the Linear Discriminant Analysis I investiga-

ted which burst parameters can bu used to separate the

groups. Carrying out numerical simulations I made pre-

dictions for the expected kilonova rate. Similarly, I est-

imated the number of orphan afterglows. I was involved

in the investigation of large scale structures formed by

GRBs [6]. In order to be able to remove the unwanted
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effects when detecting a GRB we developed and imple-

mented a new method for determining the background

of GRBs of the Fermi GBM detector [7, 8]. We analyzed

how the missing data in the observational dataset is af-

fected by the observational effects [9]. We investigated

the correlation between the afterglows’ optical bright-

ness and the GRBs’ γ-/X-ray properties [10]. We studi-

ed GRBs observed simultaneously by the Fermi and the

Swift telescopes [11]. We determined the optical bright-

ness of the afterglows under which the data obtained

with the Swift telescope is unreliable [12].

Theses

1. I analyzed the temporal and spectral properties of

the X-ray and optical afterglows of intermediate

and long duration bursts. I found that in the ca-

se of long bursts the fading rate of the X-ray and

optical wavelengths is very similar. Contrary, the

optical afterglows of the intermediate group fades

with larger rate compared to the X-ray afterglows

[1]. The discrepancy between the light curve slop-

es may reflect the underlying physical properties.

Thus, it is essential to study the temporal and
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spectral properties of the afterglows, because the

results can contribute to understand the similari-

ties among the GRB groups.

2. I found that the slope of optical afterglows of in-

termediate bursts has larger dispersion than that

of the long bursts [1]. This implies that the radia-

tion mechanism and/or the dynamical evolution

of the material producing the afterglow might be

different regarding the groups. Clarifying these

problems

3. Comparing the high energy properties of the inter-

mediate group and X-ray flashes I found that these

type of events are very similar. Also, the hydrgen

column density distribution does not show signi-

ficant difference among these groups. This means

that these events occur in a very similar environ-

ment [2].

4. With numerical simulations of orphan afterglows

of long duration bursts I found that the distri-

bution type of the jet opening angle (uniform or

power-law) does not have a significant effect on

the expected rate of these events [3]. Because of

the uncertainties of parameters affecting the light

curve brightness it is not an easy task to make pre-
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cise predictions for orphan afterglow rates. Thus,

in order to decrease these uncertainties it is neces-

sary to simulate such events with all the possible

configuration to test the validity of the different

approximations.

5. I made rate predictions for the kilonova events

following short duration bursts. I studied how

the different values or types of distributions of

the input parameters influence the result. I fo-

und that the spherically symmetric model produ-

ces much higher rates compared to the axisymmet-

rical model [4]. When constructing the observatio-

nal strategy of a sky survey program it is essential

to have such predictions in order to increase the

efficiency of the identification.

6. I showed that the distribution of the time interval

between the formation of a compact binary system

and the inspiral of the components has only a little

effect on the predicted number of kilonova events

[4]. To understand the evolution of compact bi-

nary system it is necessary to test these assumpt-

ion in order to exclude the models incompatible

with the observations.

7. I found that the distribution type of the redshift
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is a significant parameter when calculating the ex-

pected kilonova detection rate. In addition,

I showed that the rate determined with the axisym-

metrical model depends much more on the dis-

tance to them compared to the rate with the sphe-

rical model [4]. Because of the low maximum bright-

ness of kilonovae it is usually assumed that they

can be detected only in the local Universe. There-

fore, a uniform redshift distribution in volume is

used instead of the observed short GRB redshift

distribution. According to my results applying the

uniform redshift distribution in volume can have

a real impact on the rate,

8. I found that the kilonova rates calculated with the

Hubble constant determined with different met-

hods do not differ significantly when using the

spherical kilonova modell [4]. This result is pro-

bably the consequence of the fact that I simulated

kilonova events only up to small values of redshifts

because of their low brightness. This means that

the uncertainty in the kilonova rate arising from

the different values of the Hubble constant sho-

uld not be a dominant aspect when constructing

the observational strategy for kilonova searching

programs.
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Investigation the connection between the interme-

diate gamma-ray bursts and X-ray flashes. Astrono-

mische Nachrichten, 334(9):1028, Nov 2013.
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