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Abstract

Gamma-ray bursts (GRBs) have been proven to be cosmologicalobjects that release a huge

amount of energy in a relatively short time. Nevertheless the canonical classification of

bursts is usually in the observer frame, giving birth to a bimodal distribution of GRBs, long

and short. Recently, an intermediate class of bursts have been proposed and the intermedi-

ate class of GRBs is a recurrent topic of debate. The studies on the group of GRBs were

renewed by the classification in the burst frame, as a first result of bimodal behavior of the

cosmologically corrected Auto-Correlation Function (ACF) was reported. Following the

recent classification trend, a sample of 15 GRBs with known redshift detected by Swift and

Suzaku satellites is analyzed in this work. The simultaneous detection of long GRBs by

the mentioned satellites offers the opportunity to study the prompt emission of GRBs in a

broad energy band range (15-5000 keV). Using the duration time to release the 50% of the

total fluence (T50), the ACF evaluated at the full-width at half maximum and theemission

time of the 50% of the total fluence (t50) as temporal parameters first a possible sub-class

of long GRBs is discussed when the temporal parameters are measured in the GRB frame.

The three temporal parameters characterize a time intervalof the same physical process,

but they are not completely equivalent although they are strongly correlated. The relation

is linear between T50 and t50 as well as ACF and t50. In the time-space plane, 4 GRBs are

have longer values of time estimators and they are relatively close suggesting a subclass

of long GRBs. To elucidate if there is or not real evidence of this special class of bursts,

temporal values were combined with the energy parameters tolook for their spectra and

energy counterparts. Extending the validity of the Yonetoku relation for the studied sample

of bursts, we found that in the time-energy plane, the same 4 bursts exhibit a low isotropic

luminosity (Li so) and a low peak energy (Ep). A strong correlation between the remaining

bursts in the time estimator-isotropic energy plane was observed, the correlations between

t50 - Liso and L50 - tp are especially high, which is interpreted as two different physical

processes, since t50 is a temporal measure of the time intervals when the burst engine is in

its most active phase. In the studied sample, 4 bursts could be characterized in the burst

frame as long-dim-close bursts. The classification in the rest frame in time-space and en-

ergy of bursts allows to restrict more the possible progenitors of longs GRBs, and also

demonstrated that the expansion of the Universe modifies alltimescales and energy scales

in the same way.
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Chapter 1

Introduction

The atmosphere of the Earth absorbs most of the gamma radiation coming from the space,

so gamma-ray astronomy began to develop when detectors could reach altitude levels above

the atmosphere using spacecrafts and balloons. Being a relative new branch of astronomy,

there are still many unanswered questions among the gamma sources.

Gamma-ray astronomy processes included cosmic rays interactions with interstellar gas,

supernova explosions, and interactions of energetic electrons with magnetic fields. Among

one of the most enigmatic gamma sources in the Universe we have Gamma-Ray Bursts

(GRBs), that were first detected in the early 1970s. These extremely bright objects with

a duration in the order of seconds boosted the development ofspacecraft technology and

is continuously challenging the investigation of new high energy detectors. Nowadays,

several satellites are detecting GRBs in a broad energy range given new challenges to the

gamma-ray science.

It have passed almost 40 years since the discovery of GRBs andthe understanding of their

origin, physical process is still incomplete. Although it is well established the cosmological

origin of GRBs, with the measure of high redshifts over 8 [35]and isotropically distributed,

there are lacks of understanding of their progenitors, radiation mechanism and classifica-

tion.

To contribute in study of GRBs, this work is centered in one ofthe canonical types of burst.

Long GRBs emit the 90% of their fluence in more than 2 seconds [15] and is believed that

have a different progenitor than the other canonical type known as short GRBs. In this

purpose a sample of 15 burst with known redshift was selectedwith the peculiarity that

those burst were detected by Swift and Suzaku satellite simultaneouslys. Swift launched

in 2004 and Suzaku in 2005 carry detectors that combined offers the unique opportunity to

observe GRBs from 15 to 5000 keV, as well as the possibility ofperform spectral analysis.

The structure of this work start with a brief review of GRBs prompt emission, including the
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physical processes, the temporal estimators and the already established relations between

energy and spectral properties, as well energy with temporal properties. As a next step we

described the instruments on board the two satellites, emphasizing in the specific detectors

for GRBs, to continue the description of the analysis methodology used to extract spectra

and time estimator of the selected bursts. The core of the study is centered in the analysis

and interpretation of the extracted information which is divided in temporal estimators and

spectral properties. Three temporal estimators were used,and after determining the relation

among them, the possibility of reclassification of long GRBsis discussed. Following the

idea of a bimodality of long GRBs, the spectral counter part is explored, without passing

over the standard test for long GRBs given by the Amati-Yonetoku relations [1]. Finally

we combined temporal, energy and distance information of GRBs to demonstrated that the

classification of GRBs in their rest frame, reveals more hints about their origins that was

hidden by the cosmological effects.
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Chapter 2

Long Gamma-Ray Bursts

2.1 The prompt emission of Gamma-ray Burst

The cosmological origin of Gamma-Ray Bursts (GRBs) is widely accepted and introduced

new challenges in the understanding of its origin, radiation mechanism and progenitors.

Considered as the second more powerful explosive events after the Big Bang, many at-

tempts have been done to use them as standard candles of the Universe[19].

GRBs emit radiation from radio band to GeV band and the emission is composed by a

prompt emission and an afterglow. The prompt emission radiates in the high energy range

of the electromagnetic spectrum and the afterglow radiatesfrom soft X-ray until radio fre-

quencies. In this work we are concentrated in the prompt emission of the GRBs, one of the

main reasons is because almost the whole energy is released during this phase. Another

challenging reason to center the study in the prompt emission is the lack of understanding

of the radiative process, progenitors and classification. We will start a brief description of

the prompt emission of GRBs starting with the observations history, the energetics and time

properties, continuing with physical processes involved and finally the possible scenarios

for the birth of GRBs.

2.1.1 Observations

Gamma-ray bursts observations started with Vela satellites in 1973, which was designed

to monitor energetic gamma-ray transient events produced by nuclear weapons. The de-

tected events were unlike nuclear, thus the cosmic origin ofthe signals gave born to the

GRBs era. Only in 1992 with the launch of Compton Gamma-ray Observatory (CGRO);

the onborad instrument Burst and Transient Source Experiment (BATSE) could demon-

strate the isotropically distribution of bursts in position irrespective of flux (Fig. 2.1). The
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Figure 2.1: Isotropic distribution of GRBs from BASTE

Beppo-SAX satellite introduced measurements of redshiftsof GRBs in 1997, suggesting

the cosmological origin of bursts. In the present there are several missions detecting GRBs

with a approximately rate of 1 event per day. The main characteristic of GRBs is its bright-

ness, substantially bigger than the Milky Way and the rest energy of the sun.

2.1.2 Temporal properties and energetics

A GRBs is an intense emission of X-ray, gamma and GeV radiation that last from a fraction

of a second to hundred seconds. The cosmological origin of GRBs is well established, their

redshift is distributed from 0.01 to 8 approximately. The occurence of burst is isotropically

distributed in the Universe and the common range of the isotropic luminosity is 1051-1052

ergs/sec [38].

The spectrum of GRBs is nonthermal with an energy flux that peaks at a few hundred

keV. Although there is any theoretical spectral model that satisfied most of GRBs, a phe-

nomenological model introduced by Bandet al (1993[13]) fits satisfactorily the majority of

the observed spectra. Band model used two power laws joined smoothly at a break energy

(α − β)E = 0, the model is desbribed by the following equation.

N (ν) = N0 ×















(hν)αe
−hν
E0 for hν < (α − β)E0

((α − β)E0)
α−β(hν)βeβ−α for hν > (α − β)E0

(2.1)
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In the equation describing Band model,α andβ denote the spectral indices of the two

power laws. Whenβ is more negative than -2,νFν peaks at Ep=(α + 2)E0. When the hard

component of the model is not present, the spetra is characterized by a large negative value

of β.

The temporal structure of a GRB is very complex, it is composed by pulses with different

shapes that sometimes overlap. The canonical shape is described with a fast-rise and expo-

nential decay. The time estructure is sensitive with energy, the burst becomes narrow with

the increase of energy. There were made some attempts to measure the variability of the

burst which is defined by the width of the peaks compared to thewhole GRB duration [33]

an it was found a correlation with the luminosity. A feature between the light curves of

GRBs at different energies, is the delay between low energy photons with respect to high

energy photons, this phenomenom is known as the spectral lag.

2.2 Physical process

The observed spectrum of a GRBs is nonthermal with a significant high-energy tail. Since

the energy involved is around 10×1052 erg in a relative small time, the GRB physical

process involves a compact object [38]. The main ingredients involved in the generation of

a GRBs are particle acceleration, magnetic field amplification, synchrotron emission and

inverse compton mechanism. The prompt emission is generated by high energy particles

that have been accelerated within collisionless shocks. Inthis section we discuss the most

important known mechanisms and models to convert the kinetic energy of the initial high

energy particles into radiation.

2.2.1 Fireball model

A mechanism of generation of GRBs involves a central engine that liberates a relativistic

plasma composed by electrons, positrons, photons and a possible baryon contamination

component. A plasma with this characteristics is called a fireball. Inside the fireball internal

and external shocks of particles with different Lorentz factor convert kinetic energy into

random energy. The energy acquired by leptons is radiated bysynchrotron process in the

local magnetic field or inverse Compton radiation with photons from the fireball. The

presence of baryons makes the plasma optically thick, allowing the emitted photons to

revert the energy and momentum back to the fluid. The fluid becomes optically thin due to

its relativistic velocity and high energy photons escapes producing a non thermal spectrum

characteristic of a GRB.

During the fireball expansion, the radiated gamma-emissioncools down the plasma and

5



external shock are produce with the interstellar medium (ISM). This is the beginning of the

afterglow where the radiation will continuously be released in an increasing wavelength .

During the afterglows, reverse shocks are able to generate bright optical emissions, but the

properties of the reverse shocks are determined by the ISM density and the bulk Lorentz

factor of the fireball.

The efficiency of all the involved process and the nature of the radiation depend on the

magnetic field intensity and the distribution of velocitiesof electrons of the shock fronts.

A possible mechanism is the synchrotron emission, with a power law energy distribution

N(E) ∝ E−p [36] for electron’s velocities.

2.2.2 Blandford-Zaneck model

It is possible to picture a GRBs event using the models involving rotating black holes

surrounded by an accretion disk . This mechanism was introduced by Blandford and Zna-

jek (1977 [5]). Here we discuss briefly the process which involves relativistic magneto-

hydrodynamics and a full reference could be found in [5]. When the magnetic field and an-

gular momentum of a rotating black hole is large enough, the vacuum surrounding the hole

becomes unstable, any stray charged particles could be accelerated and radiate producing

electron-positron pairs. The electromagnetic field in the vicinity of the event horizon will

become approximately force-free. Using perturbation techniques approximate solutions

are obtained. This mechanism extracts the rotational energy from the black hole-accretion

disk system via the magnetic field.

2.2.3 Synchrotron radiation

As we mentioned before synchrotron radiation is a strong candidate for radiation mech-

anism of GRBs. The observations of GRBs events are also consistent with synchrotron

spectra. We also established as fundamental parameters theintensity of magnetic fieldB

and the energy distribution of electrons which is a functionof a minimum Lorentz factor

γe,min and the index of electron distributionp. The determination of such parameters is

very complicated [38] and two dimensionless parameters arewidely use to deal with the

emission process:ǫB andǫe.

ǫB is defined as the ratio of the magnetic energy densityUB and the total internal energye

(Ec.2.2).

ǫB =
B2

8πe
(2.2)

6



Similarly ǫe is defined as the fraction of total internal energy which is converted into

random energy of electrons as we can see in the following equation.

ǫe =
Ue

e
(2.3)

It is assumed thatǫB andǫe stayed constant during the burst evolution, also a power

law distribution for electrons which could be expressed as afunction of the Lorentz factor

as is shown in the next formula.

N (γe) ∼ γ −p
e for γe > γe,min (2.4)

In order to avoid electron-positron pair generation causedby highγ values, we consider

a boundary condition ofp >2 . The relation betweenp andγe,min is

γe,min =
p − 2

p − 1
< γe > (2.5)

whereγe denotes the mean Lorentz factor of the distribution that writes as

< γe >=
m p

me
ǫeγsh (2.6)

whereγsh corresponds to the Lorentz factor of the shock front into theISM. < γe >

also depends on the ration between baryons and electrons butthe amount of baryons should

be small since the fluid has to move relativistically. In the laboratory frame, the whole fluid

has a Lorentz bulk factorγE , then the observed photons, blue shifted, have a characteristic

energy of

hνsync =
~qe B

mec
γ 2

e γE (2.7)

The associated cooling time for synchrotron radiation (tsync) , defined as the ratio be-

tween the rest energy of the electron and the energy lost by synchrotron emission is written

as

tsync(γe) =
3mec

4σT UBγeγE
(2.8)

whereσT is the Thompson cross section. Combining the last two equations we can

express the cooling time as a function of energy as shown in the following formula

tsync =
3

σT

√

2πqe~mec

B3γEν
(2.9)
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The cooling time limits the low boundary value of the time variability of the GRB, the

spikes in a burst cannot be shorter than the cooling time. Thewidth of a pulse is a direct

measurement of the cooling by synchrotron emission.

2.2.4 Compton radiation

The inverse Compton scattering (IC) of synchrotron emittedphotons affects the spectral

profiles of the radiation. Low energy photons could be scattered many times until their en-

ergy become larger than the electron rest mass, and the probability of dispersion is reduced

to the Klein-Nishina limit. The effect of IC is determined bythe comptonization parameter

Y , usually in lower case the IC scattering becomes important whenY >1. At this regime

a considerable fraction of synchrotron photons are dispersed and IC emission becomes im-

portant. The emission is detected at high energies (X-rays,γ -rays) which makes it difficult

to recognize the IC effect. Nevertheless, the IC energy losses produce a significant cooling

of the electrons of the plasma and the cooling time should be shorter than synchrotron cool-

ing time. The energy density of the electrons constitutes the disposable radiation energy,

which needs to be radiated by synchrotron and IC processes. The total emitted energyUe

is

Ue = Usync + UIC (2.10)

IC photons are generated by scattered synchrotron photons,then theY parameter could

be expressed as the ratio of IC emission and synchrotron emission looses, in other words

as the ration of synchrotron energy looses energy and the density of magnetic field.

Y =
UIC

Usync
=

Usync

UB
(2.11)

In the last section we introduced two dimensionless parameters,UB=eǫB andUe=eǫe

that allow us to write the comptonization parameter as follows.

Y ≡
ǫe

ǫB
for ǫe ≪ ǫB (2.12)

Y ≡

√

ǫe

ǫB
for ǫe ≫ ǫB (2.13)

The condition for IC scattering depends on theY value, the contribution is low when

Y < 1 corresponding toǫe < ǫB and the radiation process is synchrotron. Ifǫe > ǫB most

of the radiated energy should have an IC origin. For a formal discussion of the synchrotron

and IC processes, see reference [34].
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2.2.5 Possible progenitors

Progenitors of GRBs need to generate relativistic jets and they should involve compact

objects, those basic ingredients were discussed in last paragraphs. A possible scenario

involves a rotating black hole surrounded by an accretion disk is the Blandford-Znajek

process. The physical processes and origins necessary to accelerate a fireball are quite

speculative. Compact object as rotating powered pulsars, collapse of a massive stars (Col-

lapsars), supernovae (SN) explosions constitute the possible progenitors for long GRBs.

Short GRBs have as a possible progenitor compact star in coalescence [29]. In the past

several years evidence of GRB/SN connections have been observed, therefore we will em-

phasize in the collapsar model [31]. Very special conditions are required for a star to evolve

all the way to a GRB under the collapsar model. The star must bevery massive, at least 40

solar masses [41], to form a central black hole in the first place, the star must be rapidly

rotating to develop an accretion disk capable of launching jets, the star must have low

metallicity not to lose its angular momentum by mass loss andthe star must be able wipe

out its hydrogen envelope so the jets can reach the surface. As a result, GRBs are far rarer

than ordinary core-collapse supernovae, which require that the star be massive enough to

fuse all the way to iron, a deeper discussion could be found inPiran 2005 [38, 29].

2.3 GRBs time estimators

The durations of GRBs is been discussed since their discovery, including the classification

between the long and the short bursts. Calculating the duration of the time interval starting

when 5% has been detected and ending when 95% of the total fluence gave this canonical

classification and the definition of the T90 estimator. Long bursts are which T90 last longer

than two seconds.The bimodality of GRBs started with Kouvelitou in 1993[15] when the

logarithms of the duration were studied. Nevertheless, some other durations have been

introduced to measure how the prompt emission time history evolves. In this chapter we

discuss three time estimators and the results of their use tocharacterize long GRBs. The

measures of time we choose are the autocorrelation function(ACF) at full-width at half

maximun (FWHM), the 50 percent of the accumulated fluence andthe time of emission of

50 percent of the total fluence. To clarify the explanation ofthe time estimators, we show

GRB070508 as an example for the definition and calculation ofthe temporal parameters.
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Figure 2.2: Lights curves of GRB070508 in two energy bands (Swift-BAT detector), z=0.82

2.3.1 Auto-correlation function

The autocorrelation function (ACF) is considered a powerful tool in time series analysis

because ACF is the Fourier transform of the power density spectra [7, 6]. This fact comes

from the Wiener-Khinchin theorem which states that the power spectral density of a ran-

dom process is the Fourier transform of the corresponding autocorrelation function. ACFs

were first introduced into the GRB study by Link et al.(1993)[27] and Fenimore et al.(1995)

[17]. The ACF of the light curves gives information about theinternal structure of a burst.

It is established that the ACF of a light curve in a given band becomes narrow when the

energy band of the light curve increase. The narrowing of theACF with the increase of en-

ergy follows a power law considering that the ACF is self similar at different energy bands

[17].

The definition of the discrete ACF for a uniformly sampled count history with1T time res-

olution,N time bins andmi total observed counts at bini with a corresponding background

bi is shown in the following equation. WhereCi are the net counts defined asCi =mi -bi , δ

is the Kronecker function andA0 is the normalization.

A(τ = k1T ) =

N−1
∑

i=0

Ci Ci+k − miδ0k

A0
k = 1, ..., N − 1 (2.14)

Asumming the periodic boundary conditionCi=Ci+N , the normalization condition

10



Figure 2.3: Determination of ACF-FWHM for GRB070508 in two energy bands

holds A0=1 for k=0. The normalization condition is shown in equation 2.15 where the

mi term subtracts the contribution of the uncorrelated noise considering that it obeys the

Poisson statistics. In figure 2.3 it is possible to visualizethe ACFs of GRB070805 which

light curves are in figure 2.2.

A0 =

N−1
∑

i=0

C2
i − mi (2.15)

Among the properties of the ACFs of GRBs, we have that they arenot self-similar to the

GRB time profile which converts it into a count rate independent tool to study the prompt

emissions of GRBs at different energies without introducing mathematical assumptions

in the model of the light curve[44]. In the last few years, Borgonovo et al.[6] demon-

strated a bimodal distribution of long GRBs when the ACF is corrected for cosmic time

dilation. Furthermore, signatures of cosmological time dilation have been studied using

similar techniques [9], nevertheless the cosmological time dilation seems to be mixed with

intrinsic effects. Correlation among bursts are believed to come from the combination of

cosmological and intrinsic effects while correlations among pulses in a single GRB give a

measure only of intrinsic effects[8].

Time profiles of GRBs generally are complex and energy dependent, and the presence

of pulse structure reflects the temporal behavior of the inner engine [33]. It is believe that

each pulse is closely related to the collision of two consecutive shells in a Fireball model

[38]. The analysis of pulses from the prompt emission of GRBshas been studied with time
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resolved spectral analysis[39]. The investigation of the spectral lag of individual pulses

performed by Hakkila et al.[22] demonstrated that spectrallag is a pulse property rather

than a entire prompt emission characteristic. The intrinsic properties of GRBs continue to

be an mystery since the high variability.Comparing to pulsefitting techniques to describe a

GRB light curve, ACFs do not need to introduce any mathematical assumptions that could

introduce non phenomenological or instrumental errors. The pulse fitting technique is pow-

erful to characterize the pulse parameters [3].

2.3.2 Duration times

The measure of the T50 is based on the same principle of T90 value (Kouvelitou [15]). This

measure is sensitive to the pulses and internal structure ofthe prompt emission. This kind

of time estimators give the canonical classification of GRBsin long and shorts [Kouvelitou

[15]]. T50 measures the duration of the time interval starting when 25%has been detected

and ending 75% of the total fluence. T50 is not sensitive to precursors and soft structures in

the beginning or end of a burst. In figure 2.4 the T50 region of GRB070508 is shown, the

T50 values is given by the difference of the time where the integrated fluence equals 75%

of the total fluence and the time when the fluence equals 25% of the total fluence.

Using a large sample of bursts GRBs and their T90 duration, Horvath et al.[25] demon-

strated that a third class of GRBs produce better statisticsthan the canonical bimodal clas-

sification. In posterior works using Swift data the classification of GRBs into short, inter-

mediate and longs was confirmed [26, 24].
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Figure 2.4: T50 determination for GRB070508 (15-50 keV band),T50=8.80 sec The light curve in
15-50 keV band is shown in the top panel and in the bottom panelthe corresponding integrated
fluence in time

2.3.3 Emission time of 50 percent of the total fluence

Another method to estimate the lenght time of a burst was introduced by Mitrofanov in

1999[16]. This method is defined as the time of emission of thehalf of the total fluence

(t50), detected from the highest flux level. This measure excludes all the low emission in-

tervals of a burst, and characterizes the states corresponding to high power emission. This

time estimator gives information about the time intervals where the GRB engine is its more

active phase. Mitrofanov‘s time measure method usually is shorter than the already men-

tioned T50 [16]. In figure 2.5 the method to determine t50 is explained. With the original

light curve a decreasing order light curve is generated. Using the new reordered light curve,

we calculate the integrated fluence and the t50 time corresponds to the summation of all the
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bins which rate is larger than rate corresponding to the 50% of the total fluence.

Figure 2.5: Mitrofanov t50 estimator determination for GRB070508 (15-50 keV band) Thetop
panel shows the original light curve of the burst, the middlepanel corresponds to the decreasing
reordered light curve and the botton panel shows the integrated rate in time of the reordered light
curve.

2.4 Luminosity relations

The detection of afterglows and redshift estimates of GRBs since the BeppoSAX satellite

era introduced intriguing properties of GRBs in their cosmological frame. Correlations

between spectral parameters and energy, as well as time histories with energy, at GRBs rest

frame proved the cosmological origin of bursts. In this section we explore these two kind

of properties of bursts that are intrinsic of the cosmological frame.
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2.4.1 Intrinsic spectral and energy relations

The discovery of the correlation between the cosmological rest-frameνFν spectrum peak

energy and the isotropic radiated energy Eiso in Amati work [2] gave born to a series of

enigmatic properties of GRBs. The so called Amati relation is continuously been extended

after the post-BeppoSAX mission era, demonstrating that their origin is rather physical

than caused by instrumental selection effects [1]. A directinterpretation is the optically

thin synchrotron shock model [2] for an electron distribution with a power law shape. This

kind of results help to restrict the physical model of GRBs. Figure 2.6 shows the first Amati

relation for 12 long GRBs.

Figure 2.6: Amati relation for 12 GRBs Amati[2002[2]]

Among the spectral and energy relations we find Ghirlanda relation, peak energy-

collimated corrected energy [20] and Yonetoku [43] which offers a tighter correlation. A

similar relation between the peak energy and Luminosity is discussed by Schaefer [37].

Recently, Goldstein et al. [21]demonstrated that the peak energy fluence ratio leads to the

canonical classification of GRBs in short and long bursts, avoiding a time estimation. [4]

2.4.2 Temporal and energy relations

Light curves of GRBs present a broad morphology, depending on the intrinsic GRB time

history and energy band. To clarify the physics hidden inside the time profiles of GRBs, the

study of various temporal parameters and energy were done. The relation between temporal

properties, such as duration and spectral lags, and energy are widely studied. An Spectral

lag is the time difference between low energy photons and high energy photons. The spec-

tral evolution timescale of pulse structures is anticorrelated with peak luminosity[30, 3] and
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it has been demonstrated that spectral lags are pulse ratherthan burst properties holding a

negative correlation between peak lag and peak luminosity in GRBs[22]. In figure 2.7 we

can see that the anticorrelation is not held by short bursts neither GRB/SN bursts.

Figure 2.7: Anticorrelation between specral-lag and peak luminosity Gehrels[2006[18]]

The duration of the prompt emission has several interpretations, defining the transition

time for the prompt component (Tp) a relation with the X-ray luminosity is established (Qi

and Lu 2010[32].
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Chapter 3

Instrumentation

In this study we used a set of GRBs detected simultaneously bySwift and Suzaku satellites.

The high energy detectors on board those missions cover a broad range of energy. Both

missions are the complementarity and permit to detect emission from soft X-rays untilγ

radiation. In this chapter a description of both observatories is presented, with special

emphasis in the detectors designed to observe the prompt emission of bursts.

3.1 Swift satellite

Swift satellite was launched into a low-Earth orbit on a Delta 7320 rocket on November

20, 2004. This multi-wavelength observatory specially dedicated to observe GRBs in the

gamma-ray, X-ray, ultraviolet and optical waveband. Amongthe main achievements, Swift

detected GRB090423, the most distant known spectroscopically object in the Universe at

z=8.3 and currently localizes approximately 100 GRBs per year. The Swift telescope pay-

load is comprised of three instruments which work in tandem to provide rapid identification

and follow-up of GRBs and their afterglows. The Burst alert Telescope (BAT), the X-ray

telescope and The UV/Optical telescope (UVOT) composed this mission (Fig. 3.1). The

spacecraft autonomously slews within 20 to 75 seconds of detecting a GRB so that the

fields of view (FoVs) of the three instruments overlap the location of the burst.

3.1.1 Instruments

The three detectors of Swift are co aligned and permit to observe GRBs from the prompt

emission until the afterglow times. The BAT is a wide-field, coded-mask gamma-ray de-

tector that is sensitive to energies of 15-150 keV. It detects GRBs, computes their positions

to 1-3 arcminutes, and triggers autonomous slews of the spacecraft to point towards the
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Figure 3.1: Swift satellite and it instruments on board

bursts.

The XRT is a narrow-field X-ray telescope that localizes a GRBto approximately 2-3 arc-

seconds, and performs imaging and spectroscopy in the 0.2-10 keV band.

The UVOTis a narrow-field UV/optical telescope with a 30 cm aperture mirror that operates

at wavelengths between 1600Å and 6000Å. It provides burst positions to 0.5 arcseconds

relative to the stars in its field of views (FoV), a finding chart, and performs broad-band

imaging on GRB afterglows.

3.1.2 Burst Alert Telescope

BAT with its large field of view (FoV) is designed to provide critical GRB triggers and 4-

arcmin positions, in figure 3.2 the BAT instrument is shown. It is a coded aperture imaging

instrument with a 1.4 steradians field-of-view half coded . The energy range is 15-150 keV

for imaging with a non-coded response up to 500 keV. BAT codedaperture FoV always

includes the XRT and UVOT FoVs, long duration gamma-ray emission from a burst can

be studied simultaneously in the X-ray and UV/optical regimes. The BAT is composed

by 32768 pieces of CdZnTe that form a 1.2×0.6 m sensitive area detector. Groups of 128

detector elements are assembled into 8×6 arrays, each connected to 128-channel readout

Application Specific Integrated Circuits.

The BAT has a D-shaped coded aperture mask, made of approximately 54000 lead tiles

with an area of 2.7 m2 (Fig 3.3). The coded-aperture mask uses a completely random, 50%

open-50% closed pattern. A detailed description of the instruments is available in[14].

BAT data

There are two types of data produced by the BAT, standard survey data and standard burst

model data. The standard survey mode data products are sky images, a catalog listing of all

detected sources, light curves for all detected sources, spectra and response matrices for all
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Figure 3.2: BAT instrument

Figure 3.3: BAT mask

detected sources, and pointing maps. In survey mode the instrument collects count-rate data

in five-minute time bins for 80 energy intervals. The standard Burst Mode data products

are burst spectra on various time scales, response matrices, light curves, and images. When

a burst occurs it switches into a photon-by-photon mode and pre-burst information is also

saved. BAT event data is the most relevant data, it allows background removal using mask

weighting technique.

3.2 Suzaku satellite

Suzasu was successfully launched on July 10, 2005 from the Uchinoura Space Center

(USC) in Japan. The principal achievement of this mission was to carry the first X-ray
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micro-calorimeter to the space. Suzaku is placed in a near-circular orbit with an apogee

of 568km, an inclination of 31.9degrees, and an orbital period of about 96minutes. The

maximum slew rate of the spacecraft is degrees/min.

Figure 3.4: Suzaku satellite orbit

3.2.1 Instruments

Suzaku is composed by five nested conical thin-foil grazing incidence telescopes (XRT)

four with focal lenght of 4.75 m and one with 4.5m. At the focusof each telescope there

are distributed one X-ray Spectrometer (XRS) and 4 X-ray imaging Spectrometer (XIS).

XRS works in the energy range from 0.3 to12 keV with an effective area of 190 cm2,

an energy resolution of 6.5 eV at 6 keV and a FoV of 2.9‘×2.9‘. Each unit of XIS is a

1024×1024 pixel CCD detecting in the energy range of 0.2 to 12 keV. Three CCDs are

front illuminated and one back illuminated. The effective area is 340 cm2 for the front

illuminated and 390 cm2 for the back illuminated. The energy resolution of XIS is 130eV

at 6 keV with a FoV of 18‘×18‘.

The other instrument is the Hard X-ray Detector (HXD) which is made of GSO crystals and

silicon PN diodes. The HXD operates between 10 to 600 keV, GSOscintillator in energies

over 30 keV and silicon PIN diodes in energies below 60 keV. The effective area is 145

cm2 at 15 keV (PIN) and 315 cm2 at 100 keV (GSO). The correspondent FoV is 34‘×34‘

below 100 keV and 4.5o×4.5o.

The last detector is the Wide-band All-sky Monitor which is the lateral BGO aniti-coincidende

shield of the HXD.

3.2.2 Wide-band All-sky Monitor

The WAM is a large and thick anticoincidence shield of the Hard X-ray Detector onboard

Suzaku. WAM detector is composed by 4 identical walls, each one has 4 anti-counter
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units (Fig.3.2). The main role of the WAM is the background rejection for the HXD main

detectors, i.e. PIN diodes and GSO. It also has a wide field of view and a large geometrical

area of 800 cm2 per one face, which can be utilized as an all-sky monitor aiming for GRBs,

solar flares, and bright X-ray transients. The sensitive energy range for the WAM is from

50 keV to 5000 keV in gamma-rays [42]. The excellent feature of the WAM is its large

effective area of 400 cm2 even at 1 MeV (Fig.2), which enablesus to study the high energy

radiation of the GRBs at MeV range (Gonzalez et al. 2003) and determine a peak energy

above 300 keV of the synchrotron emissions. Two types of dataare produced by WAM,

gamma burst data (BST) transient (TRN) data. BST data is available when a trigger occurs,

the time history data (TH) has a fine resolution of 1/64 s in 4 energy ranges and 55 channel

pulse height (PH) histogram data with coarse time resolution of 1 s. TRN data covers all

the time with 1-second time resolution for monitoring the background. In table 3.1 the

characteristics of WAM data are shown.

Data Energy Time resolution Time coverage
BST 4ch 1/64 s (TH) 64 s
BST 55 ch 0.5 s(PH) 64 s
TRN 55 ch 1 s (PH) telemetry each 1 s

Table 3.1: Characteristics of the WAM data
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Figure 3.5: Views of the HXD scintillation counters, WAm consists of thesurrounding 20 BGO
scintillion counters
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Chapter 4

Gamma-Ray Bursts analysis

4.1 Data reduction

The sample of GRBs used in this study is composed by 15 bursts with known redshift de-

tected by Swift and Suzaku satellites. The following table shows the sample with the time

since mission corresponding to both satellites and the GRB duration used for the spectral

and temporal analysis. For Swift the time is expressed in seconds since 2001.0 UTC (deci-

mal) and for Suzaku in seconds since 2000.0 UTC (decimal).

GRB Swift (T0) Suzaku (T0) Tstart Tstop
GRB060814 177289340.42 208911740.04 T0-7 T0+165
GRB060908 179398643.78 211021043.35 T0-13 T0+18
GRB061007 181908490.3 213530889.81 T0-10 T0+100
GRB070508 200290699.78 231913098.84 T0-6 T0+30

GRB070612A 203308728 234931126.98 T0-8 T0+300
GRB071003 213090057.28 244712456.01 T0-10 T0+50

GRB071010B 213741950.27 245364348.99 T0-2 T0+30
GRB080319C 227622359.62 259244757.96 T0-1 T0+40
GRB080413A 229748062.02 261370460.3 T0 TO+35
GRB080916A 243251123.71 274873521.61 T0-3 T0+60
GRB090424 262275134.02 293897531.33 T0-1 T0+30
GRB090618 267006514.69 298628911.85 T0-8 T0+160
GRB090812 271749733.89 303372130.9 T0-7 T0+80
GRB091127 281057151.1 312679547.81 T0-1 T0+15

GRB100413A 292872814.08 324495210.38 T0-2 T0+230

Table 4.1: GRBs sample and triggert time expressed in mission elapsed time [sec]
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4.1.1 Swift-BAT data

In the spectral analysis of Swift, we use BAT event files to extract spectra and light curves.

The equivalent energy of the used channels are 15-150 keV, and two light curves were

extracted in 15-50 keV and 50-150 keV band. The definition of counts for a light curve

from BAT detector is a background subtracted counts per fully illuminated detector for an

equivalent on-axis source. The area of a single BAT detectoris 0.16 cm2 . Thus, the con-

version between per unit area for fully illuminated detector is counts.cm−2 = counts.fully

illuminated detector.0.16cm−2

The spectra were corrected by the standard tools, mask-weighting and systematic errors.

The software for BAT analysis is distributed by HEAsoft as well as the latest calibration

files CALB(2009).

4.1.2 Suzaku-WAM data

Suzaku-WAM detector, is composed by four units as we mentioned in chapter 3. Each of

the WAM units detect a GRB independently, and the sometimes the detection is to noisy

or is not detected at all. As an example, in figure 4.1 GRB070508 has been detected in a

better way by WAM1. Taking this fact into account, we only extracted data from the unit

with the better signal.
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Figure 4.1: GRB070508 light curves for each WAM unit in channels 2-16

From each WAM unit it is possible to extract spectra and lightcurves. The software for

this purpose has not yet been made public, then the analysis was done inside the WAM team
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and with they collaboration. The structure of the response files are complicated then they

were generated by a WAM-team specialist. There are standardtools to create spectra, but

only for transient data. To generate spectra we use transient data (1 sec time resolution), we

ignore channel 0-4 since the response files have systematic uncertainties in low energies.

When count level is to high, it is necessary to introduce a systematic error of 10% in

channels 0-10. Light curves could be generated using both kinds of WAM data (BST,

TRN), if the burst triggered the detector BST data is available. Light curves were generated

in four bands as described in table 4.2. The energy correspondence depends on gain drift

of the detector and is taken into account in the response files.

Band channels
TH0 2-3
TH1 4-7
TH2 8-16
TH3 17-54

Table 4.2: Energy bands channels correspondence

4.2 Spectral models

The spectral analysis was performed using XSPEC 12.6 software package. Suzaku and

Swift spectra were fitted together using a GRB model or cut-off-power law model. Only

GRB091127 was fitted using a sinple power low, the other two spectral models gave poor

statistics and GRB091127 is associated with a supernova. The GRB model inside is XSPEC

corresponds to a Band function (Ec. 2.1) . The cut-off power model has the following

formula:

N (E) =
E−α

100keV
E

−
E(2−α)

E p (4.1)

whereα is the power law index andE p is the peak energy. The advantage of this

definition of power law comes from the direct calculation of value of the peak energy. The

combined spectra from Suzaku and Swift of the selected bursts are shown in appendix A.
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4.3 Temporal estimators analysis

A complementary analysis was performed in order to investigate the duration of the bursts.

With the extracted light curves we proceed to determine three different time estimators.

Bellow we explain the methodology to determine the temporalparameters. The light curves

of the 15 bursts in 15-50 keV and 50-150 keV bands are available in appendix A. Suzaku

light curves in TH0, TH1, TH2 and TH3 are shown, with their energy equivalence.

4.3.1 Autocorrelation function methodology

Autocorrelation functions, considered powerful tools in the study of time series, introduce

statistical fluctuations [6]. To reduce the uncertainties,we generated Monte Carlo simula-

tions of the light curves (100) and we proceeded to calculatethe ACF of each one of the

simulated light curves, following the definition of chapter2. In order to take into account

the uncorrelated noise, we assumed that the noise of each simulated light curve obeys a

Poisson distribution. We measure the ACF broad values at theFull Width Half Maximum

(FWHM) and we take the value with a confidence level of 90%. ACFis a symmetric func-

tion, then it is enough to determine the half of the function and the measured values only

need to multiply by 2.

In figure 4.2 , it is possible to observe an example of the simulated light curves of GRB070508

in two energy bands. For each light curve we generated the associated ACF, in Figure 4.3

it is possible to observe the amplified region of the ACF around the FWHM. The ACFs

corresponds to the light curves in 15-50 keV band, and the ACF-FWHM values lays in the

region between the black lines. Within the red lines, the ACF-FWHM value is determined

with a 90% of confidence level. To calculate the ACF of the selected GRBs, we used light

curves with a bin size of 100 miliseconds for bursts with a high signal to noise ratio. For

GRB070612A and GRB100413A the bin size of the light curve was1 second in order to

improve the signal to noise ratio. Nevertheless these two GRBs have a T90 longer than 200

seconds enough longer compared to the bin size.
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Figure 4.2: Simulated light curves of GRB070508 generated from original Swift light curves. The
noise of each of the light curves follows the Poisson statistics

Figure 4.3: ACFs of the simulated light curves of GRB070508 in 15-50 keV band, the region
between dashed red lines correspond to 90% confidence level

4.3.2 Duration time T50 calculation

For the calculation of T50 we used the associated software for each data type. For Swiftdata

we used thebattblocks tool, which is distributed with HEAsoft software. And for Suzaku

data, there is also an available tool to determine the T50 value. Nevertheless, Suzaku tool

has not been yet released, but it works similarly tobattblocks tool using Bayesian blocks.

In figure 4.4, we show the example of T90 and T50 for unit WAM1 in all the channels.

27



Figure 4.4: T50 and T90 regions of GRB080705 from WAM1 unit in channels 0-54

4.3.3 Time of emission of the 50 percent of the fluence t50

The estimation of the t50 parameter was done following the established method mentioned

already in Chapter 2. Using the original light curve in a given band, we reordered it into

a new light curve in decreasing order of counts. With this newlight curve we determine

the integral rate, and example of the procedure is plotted infigure 2.5 . We repeated the

same process using the simulated light curves to obtain an error estimation, measured also

in a 90% of confidence level of counts at the 50. In Figure 4.5, and example of the ob-

tained region of emission times for GRB070508 in the 15-50 keV band is shown.The plot

corresponds to the reordered simulated light curves and theduration time is determined

in function of the count level at 50% of the total fluence. The values inside the red lines

correspond to the 90% confidence level of the emission time. Differently as T50 which is

determined by a time difference, t50 is determined by the line which crosses the value of

the half of the total integrated fluence in the original lightcurve.
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Figure 4.5: Determination of the emission time (t50) of GRB080705 in 15-50 keV band, red lines
correspond to the 90% confidence level region. The plot showsthe decreasing ordered light curves
and the emission time is determined by the equivalented count rate at the 50% total fluence

4.4 Statistical analysis

Several relations between GRBs have been establishes sincetheir discovery, but there is

no clear theoretical models to justify the origin of these relations. In order to look for

new relations between the observed parameters, the usual methodology is to determine

how strong and probable is that two different parameters arerelated without assuming

any mathematical equation. Calculating the correlations between two variables is one of

methods, but the Spearman rank correlation permits us to know the strength of the link

between two sets of parameters. Spearman’s rank correlation coefficient (ρ) is a non-

parametric measure of how possible is to describe the relation between two variables using

a monotinic. The definition ofρ [28] for a set of n pairs of two varaibles Xi , Yi with no

tied values is expressed in function of a new converted ranked xi , yi , and the differences di

= xi - yi between the ranks of each observation. The rank assigns 1 to the bigger values, 2

the second big and consecutevely un the lower values andρ is given by:

ρ = 1 −
66d2

i

n3 − n
(4.2)

A perfect Spearman correlation of +1 or 1 occurs when each of the variables is a perfect

monotone function of the other. Nevertheless, it is quite rare that the taken observations
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obey perfectly the Spearman correlation. There is a method to measure the significance of

the obtained value of correlation and associates degrees offreedom to the sample, defined

as the number of pairs in your sample minus 2. Applying a Fisher transformation to the

distribution ofρ, it is possible to establish a likehood of the correlation occuring by chance.

Usually, it is acceptable whenρ is above 5%, but below 1%, meaning a confidence level

of 95%. In figure 4.6 a graphical explanation of a determined value ofρ and its associated

chance probability is shown.

Figure 4.6: Significance graphic of the Spearman’s rank correlation [Barcelona Field Study Center]
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Chapter 5

Temporal classification of GRBs

5.1 Data sample and characteristics

In this study a set of 15 GRBs simultaneously detected by Suzaku and Swift satellites were

studied. The selected bursts are long GRBs, T90 values are longer than 2 seconds, and

all the bursts have a measured redshift. They have been detected between August 2006

and April 2010. Another condition imposed to the bursts is related with their fluence.

We defined bright bursts, as the ones that have BAT fluences in 15-150 keV band higher

than 30×10−7 erg/cm2. Among the selected GRBs, only one has been associated with

a supernova event. GRB091127 with z=0.49 (Cucchiara et al GCN10202) is associated

with SN 2009nz[10]. The rest of the bursts could be qualified as standard long GRBs.

The redshift distribution has a maximum value of 3.9 and a minimum value of 0.49, and

there is no evidence of a clustering in the sample. In this section we study three types

of time estimators in order to quantify the duration of the bursts. Since each of the time

estimators have a physical meaning, we proceed to investigate the relations between them

in the observer frame and in the burst frame. Finally, we aim to look for subclasses of

long GRBs, just by looking its temporal behaviour at different bands and using the three

estimators.

5.2 Time estimation in GRBs

The classification of GRBs, is generally related with its duration. Temporal properties

of bursts permit to define two or three categories[24]. We defined three possible time

estimators of GRBs , the duration of the time for the 50% of thefluence (T50), the ACF

at FWHM (ACF) and the emission time of the 50% of the total fluence (t50). These three

estimators measures the half-time of the total emission in different ways. We proceed to
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investigate the relation between each others. We chose the temporal values at 50% level,

since there is some tendency of miss-classifications due to extended emission in soft X-

rays bands when T90 is used [12]. For example GRB090424, has a T90 duration of 52.7 in

the 15-50 keV band and T90 of 8.1 s in the 50-150 keV band. Looking at the light curves

in appendix A, it is possible to recognize the long soft X-raytail. A similar behavior is

observable in GRB080319C, only in 15-50 keV band an extra pulse was detected. On the

other hand, the values measured at the half maximum are statistically more robust[6].

A well know property of light curves of GRBs is that time histories become shorter at high

energies. We aim to study the dependence of the the estimatoralso with energy, so we

have determined the values of each one of the time estimatorsin 2 bands, 15-50 keV and

50-150 keV (observer frame). In Appendix C the light curves from Suzaku are shown in 4

bands:TH0, TH1, TH2 and TH3. The energy equivalence of the bands is different for each

one of burst, because of the gain variation of the multipliers tubes; in table C.1 the enery

range for each burst is shown. In the other hand, the limitation of the binning size and the

small signal to noise ratio it was not possible to determine three time estimators at high

energies. Nevertheless, in some cases the value of T50 is shown below the respective light

curve.

Burst z T50 [15-50 keV] ACF [15-50 keV] t50 [15-50 keV]

GRB060814 0.84 62.00± 1.41 20.06± 0.16 27.50± 0.56
GRB060908 2.43 7.75± 3.29 10.40± 0.45 6.38± 0.75
GRB061007 1.26 23.50± 0.42 48.70± 0.30 19.30± 0.34
GRB070508 0.82 8.80± 0.22 18.47± 0.13 6.45± 0.48

GRB070612A 0.62 173.00± 28.43 70.80± 11.40 74.00± 8
GRB071003 1.10 23.60± 5.39 27.80± 0.80 16.50± 1.32

GRB071010B 0.95 6.00± 0.25 10.94± 0.16 4.76± 0.4
GRB080319C 1.95 7.90± 1.03 11.35± 0.15 5.73± 0.32
GRB080413A 2.43 16.50± 1.00 5.44± 0.18 6.88± 0.52
GRB080916A 0.69 22.75± 0.90 36.31± 0.19 15.90± 0.60
GRB090424 0.54 3.70± 0.10 4.50± 0.12 2.75± 0.18
GRB090618 0.54 32.10± 0.32 56.40± 0.40 27.20± 0.36
GRB090812 2.45 31.60± 8.08 20.60± 2.00 20.50± 1.24
GRB091127 0.49 6.00± 0.14 2.86± 0.41 1.85± 0.42

GRB100413A 3.90 101.40± 16.58 103.50± 11.10 151.50± 7.6

Table 5.1: Redshift and values of the three time estimators, T50, ACF-FWHM (90% confidence
level), and t50 in 15-50 keV band. All the Values are expressed in seconds (observer frame).

Each of the chosen time estimators measure a specific temporal characteristic of the

same physical process, then we expect some relation betweeneach of the parameters. The

list of the calculated values are in tables 5.1 an 5.2. In table 5.1 the redshift, T50, ACF,
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Burst T50 [50-150 keV] ACF [50-150 keV] t50 [50-150 keV]

GRB060814 61.30± 1.20 18.52± 0.18 23.50± 0.31
GRB060908 6.50± 0.56 7.55± 0.40 5.10± 0.84
GRB061007 22.30± 0.36 34.20± 0.60 17.00± 0.75
GRB070508 6.90± 0.10 11.77± 0.33 4.55± 0.12

GRB070612A 172.00± 10.12 23.00± 12.60 43.01± 8.80
GRB071003 11.60± 2.04 17.50± 1.90 11.80± 2.2

GRB071010B 4.60± 0.36 8.16± 0.20 1.26± 0.35
GRB080319C 6.80± 0.36 9.80± 0.20 4.88± 0.40
GRB080413A 14.75± 0.35 3.84± 0.12 4.27± 0.90
GRB080916A 20.60± 2.02 9.49± 0.31 8.70± 0.72
GRB090424 3.00± 0.14 2.28± 0.08 1.75± 0.30
GRB090618 23.70± 0.22 41.70± 0.30 21.10± 0.36
GRB090812 20.90± 0.89 14.65± 0.95 15.10± 1.14
GRB091127 2.70± 0.91 1.64± 0.64 0.98± 0.14

GRB100413A 100.40± 11.92 89.10± 16.90 58.50±8.80

Table 5.2: Values of the three time estimators, T50, ACF-FWHM (90% confidence level), and t50 in
50-150 keV band. All the Values are expressed in seconds (observer frame).

and t50 in 15-50 keV band are shown, and in table 5.2 the same time estimators but in the

50-150 keV band are shown, in both tables the measured time correspond to the observer

frame. In order to study the relation between the time estimators, we determine the linear

correlation coefficient, the Spearman correlation (r) and the chance probability P. The anal-

ysis was perfomed in the observed frame and in the burst frameand the obtained values

are shown in table 5.3. Looking at table 5.3 we conclude that the three time estimators are

strongly correlated in the observer frame, as well as, in theburst frame. The different corre-

lations could be observed in Figures 5.1, 5.2 and 5.3 in the observer frame, in the following

order. Figure 5.1 shows the correlation in 15-50 keV band of ACF and t50 as a function of

T50, figure 5.2 shows the same correlation but in the 50-150 keV band and figure 5.3 shows

the correlation of ACF and t50 in both energy bands. The following figures 5.4, 5.6 and 5.7

correspond to the correlations in the burst frame in the sameorder order that was mentioned.

The Spearman correlation is always high and the chance probability is below 5% in both

reference frames, so the correlation between the three estimators clear. Nevertheless, the

relation between the duration time and the ACF is not linear,and the effect becomes more

obvious at high energies. Although the physical process is the same, and ACF are mesuring

different aspects of the emission process. T50 gives information about the duration of the

whole burst activity and the ACF gives information more related with the internal structure

of the burst, in other words how the pulses are emitted, theirseparation and their intensity.
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Correlation (Band keV) lin r P z-lin z-r z-P
T50-t50 (15-50) 0.76 0.98 2×10−4 0.89 0.94 4×10−4

T50-ACF (15-50) 0.75 0.86 1.2×10−3 0.76 0.81 2.3×10−3

ACF-t50 (15-50) 0.90 0.86 1×10−4 0.84 0.89 8×10−4

T50 -t50 (50-150) 0.86 0.94 4×10−4 0.92 0.90 8×10−4

T50-ACF (50-150) 0.52 0.86 1.2×10−3 0.40 0.83 1.8×10−3

ACF-t50 (50-150) 0.86 0.91 6×10−4 0.72 0.89 8×10−4

Table 5.3: Linear correlation coefficients linear (lin), Spearman correlation (r) and chance proba-
bility (P) between the 3 estimators in observer and GRB frame(z-lin, z-r and z-P)

The linear relation between ACF and t50 reflects the similarities of both estimators. t50 is

sensitive to the time intervals where the engine is in the most active phase, corresponding

somehow to the regions of the time history where the emissionreach a threshold level and

depends on the internal structure of the burst as ACF does. The linearity between t50 and

ACF is conseved also in the high energy band. The correlationobserved between T50 and

t50 also seems to be linear in low energies (15-50 keV) and hard energies (50-150keV). The

linearity of the correlation could arise from the fact that T50 measures the duration of the

activity without taking into account the soft long tails andsoft pulses in the beginning of

the burst. This time should coincide with the regions of the time histories where the engine

is its more active phase, represented by internal structures caracterized by high amplitudes.

Figure 5.1: Correlation of ACF and t50 as a function of T50 in the observer frame in the soft band
(15-50keV)
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Figure 5.2: Correlation of ACF and t50 as a function of T50 in the observer frame in the hard band
(50-150keV)

Figure 5.3: Correlation between ACF and t50 in soft and hard bands in the observer frame. In this
case the correlation is linear
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Figure 5.4: Correlation of ACF and t50 as a function of T50 in the burst frame in the soft band
(15-50keV)

Figure 5.5: Correlation of ACF and t50 as a function of T50 in the burst frame in the hard band
(50-150keV)
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Figure 5.6: Correlation between ACF and t50 in soft and hard bands in the burst frame. In this case
the correlation is linear

5.3 Temporal bimodality

The cosmologically corrected ACF of long GRBs presents a bimodal distribution. It was

first observed in a BATSE-KONUS wind sample of GRBs with knownredshifts. In figure

5.5, it is possible to appreciate the two classes of bursts only when the ACF is plotted in the

GRB frame[6], this plot correspond to the work of Borgonovo using 16 long bursts from

BATSE and Konus Wind. There is no clear explanation of the observed bimodality, so we

also did a similar analysis with our sample of GRBs. We produced two sets of ACFs, one

using light curves in 15-50 kev band and another one using light curves in 50-150 keV

band.

In figure 5.6 we can observe the ACFs of the 15 long GRBs, there in no evidence of special

bursts that have a broader ACF or a narrower ACF since the ACFsare in the observer frame.

For each burst we plotted 5 ACFs produced by 5 Monte Carlo simulated light curves.

In Figure 5.7 we have plotted the ACF corrected by the factor 1/(1+z) and there are 4

GRBs that seems to have a broad ACF, also found in the study of Borgonovo [6, 7]. A first

comment, we can say that the bimodality is not the result of some selection effects intrinsic

to the detector. In a previous work using a small sample of GRBs from BATSE, Konus wind

and BeppoSAX in total 22 GRBs, Borgonovo[7] also found the bimodality. The bursts that

have a broad ACF should be closer and also longer in order to bea subclass of GRBs.
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Figure 5.7: Bimodality distribution of the ACF cosmologically corrected, Borgonovo 2004[6]

Figure 5.8: ACFs of the 15 GRBs in the observer frame, using the light curves in 15-50 keV band
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Figure 5.9: Cosmologically corrected ACF the sample of GRBs, red possible ACF of candidates of
a subclass of long GRBs

GRB060814, GRB070612A, GRB080916A and GRB090618 have common characteris-

tics. The 4 GRBs have a redshift less than 1 and the value of their ACFs are larger in the

rest frame. This two characteristic could be a hint that unveil the origin of the bimodality.

Compared to the rest of the bursts the time dilation effect due to cosmological expansion

is weaker than for GRBs with high redshifts. Since the ACF reflects the power density

spectra (PDS) of the burst, the value of its FWHM is related tothe mean period of activity

of the engine that produce the radiation. Borgonovo [7] alsofound that the PDS shape is

different for the broad-long ACF bursts and narrow-long ACFbursts, to confirm if those 4

bursts are a subclass of long GRBs, we also look at the value ofthe other time estimators

in the burst frame. In a previous work Vasquez[40], we also shown that there was already

an ACF bimodality and in the present work we extended to the other temporal estimators.

The cosmological effect should work in the same way in all thetemporal parameters.

To confirm this trend, we applied the cosmological correction to the other time estimators,

T50 and t50. To investage if they behave similarly to ACF, in figures 5.10and 5.11 we

plot the temporal estimator and the distance in two energy bands. The three time estima-

tors have a similar position in the plots, the values of each of the time estimator is longer

compared to the distance. We define a region of long-closer bursts, a close burst should

have a redshift smaller than 1. To define a long temporal interval we suggest that the three

temporal estimators should have similarly large values compared to the rest of the sample.

GRB060814, GRB070612A, GRB080916A and GRB090618 have the values of their three

time estimators in these regions. GRB061007 has only T50 in the long temporal region,
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Figure 5.10: Time estimators at 15-50 keV band and distance for long GRBs

and looking at the light curves, it is possible to observe that the burst structure is composed

by emission and quiescent episodes. The large values of T50 would have origin during the

integration of the fluence in the quiescent episodes. Each ofthe time estimators reflect a

specific temporal characteristic, then the 4 bursts have in common the same time of engine

activity and same duration time. Using T50 instead of T90 is an advantage since the values

of T90 could be enlarged by extended emission specially in X-ray band [12].

5.4 Long-closer bursts

In this chapter we established strong dependence between the three time estimators, and

we suggest that even there are measuring in different mannera time interval, the measures

should be dilated in the same way by the Universe expansion. The relation between T50-t50

and ACF-t50 seems to be linear and energy independent. On the other hand the relation

T50-ACF is not linear and varies with energy, but the Spearman correlation is strong in

both studied bands, so the relation should be exponential like. The use of the half values of

fluence and ACF avoided to miss-estimated the regions that could corresponds to soft X-ray

excess and the obtained values mainly reflect the most activephase of the prompt emission

that could be underlying the physical process to convert thekinetic energy into radiation.

We established that the bimodal distribution of the cosmologically corrected ACF is also

present in the Swift GRBs with known redshift. We found 4 GRBsthat behave like a
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Figure 5.11: Time estimators at 50-150 keV band and distance for long GRBs

different sub-group. GRB060814 (T90=147s), GRB070612A (T90=361s), GRB080916A

(T90=61) and GRB090618 (T90=114s) have a broader ACF, are closer and longer. We also

confirmed that T50 and t50 behave as ACF when the values are cosmologically corrected

in the two energy bands, giving more support to the subclass of long-closer bursts. At

high energy band the values are shorter but correlates similarly than in low energy, that

is also another observation of the Universe expansion that equally works not only in time

but also in energy. The bimodality of long GRBs is also present in the afterglow light

curves, Dainotti 2010[11] establishes using 77 bursts fromSwift, a subgroup of long bursts.

The canonical plateau breaking (exponential to power law) in the light curves correlates

between X-ray luminosity differently for two kind of afterglows, inferring possible different

explosion mechanisms between both types of long bursts. Thebimodality during in the

afterglow phase, could be originated in the promp emission phase since in our work the

evidence of two different types of long GRBs was put in evidence.
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Chapter 6

Spectral properties of the Suzake-Swift

GRBs

In Chapter 5, we already found similarities between the temporal characteristics in the

candidates for a subclass of long GRBs. Those burst are longer and are closer than the rest

of long bursts. In this chapter we aim to find an spectral and energy counterpart for the

proposed classification. We start showing the spectral parameters of burst sample and we

look for any anomalies of the long burst in the peak energy andisotropic luminosity Liso

plane as well as testing the sample with the Amati relation.

6.1 Spectral properties of Swift-Suzaku bursts

Swift-BAT instrument have detected more than 300 GRBs sinceit was launched. The rapid

slew of this satellite permitted to measure the redshifts ofmany bursts, but the energy

range covered by the satellite is narrow, 15-150 keV. On the other hand, Suzaku-WAM

instruments, have a broad range energy of operation (50-5000 keV) but no ability to deter-

mine positions, therefore no redshift measurements. The observations of both satellites are

complementary, they gave the chance to work in a broad energyband and also with redshift

information. The high energy region of bursts are detected by Suzaku and the soft counter-

part by Swift, which permit to determine the spectral shape of the burst in a energy range

between 15 to 5000 keV, revealing parameters such peak energy that were no properly de-

termined using only one of these instruments. Nevertheless, the simultaneous observations

of burst by Suzaku and Swift are quite rare. As we already mention, the present study has

a sample of 15 long GRBs with known z.
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GRB z α Epeak [keV] β red.χ2/DOF
GRB060814 0.84 1.45+0.05

−0.05 292.9+56.8
−40.7 - 0.85/105

GRB060908 2.43 1.01+0.17
−0.22 144.5+56.3

−32.3 - 1.0/75
GRB061007 1.26 0.83+0.03

−0.03 506.5+1.4
−1.3 -3.73+0

−0.53 1.21/97
GRB070508 0.82 1.18+0.05

−0.05 247.1+25.7
−22.6 - 0.81/90

GRB070612A 0.617 1.59+0.14
−0.16 328.35+2791.6

−151.3 - 0.83/78
GRB071003 1.10 1.24+0.06

−0.06 2355.1+2244.3
−786.7 - 1.05/89

GRB071010B 0.947 1.66+0.13
−0.15 44.7+5.9−7.8 - 0.80/77

GRB080319C 1.95 1.26+0.08
−0.08 575.7+201.8

−119.1 - 1.10/85
GRB080413A 2.43 1.45+0.10

−0.12 227.1+171.4
−69.9 - 1.37/76

GRB080916A 0.689 1.22+0.17
−0.19 120.9+57.7

−24.0 - 1.03/97
GRB090424 0.544 0.99+0.12

−0.13 298.3+18.3
−13.4 -2.69+0.27

−1.18 1.11/76
GRB090618 0.54 1.51+0.03

−0.03 247.9+13.1
−12.1 - 0.44/77

GRB090812 2.452 1.08+0.07
−0.07 558.5+193.3

−125.8 - 0.45/69
GRB091127 0.49 2.14+0.05

−0.10 - - 0.81/74
GRB100413A 3.90 0.98+0.10

−0.11 593.0+378.9
−182.0 - 1.22/94

Table 6.1: Best spectral fitted values for the Suzaku-Swift GRBs, the value of β indicates that the
model corresponds to a GRB model. For the rest of the bursts a CPL model was used except for
GRB091127 which fit values arise from a single power law. (values at 90%of confidence level)

6.1.1 Spectral Analysis

We perform the spectral analysis described in Chapter 4. Theresults are tabulated in table

6.1 and in table 6.2. We have computed the isotropic luminosities (Liso) in the 1-10000 keV

cosmological rest-frame energy band and we assumed a standard cosmology with�m=0.3,

�3=0.7 andH0=70 km s−1Mpc−1 [23]. The values have are measured in a confidence

level of 90%.
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G RB Liso [1052erg/sec] + - Ld [Gly]
GRB060814 0.072 0.003 0.005 17.66
GRB060908 0.761 0.057 0.187 66.14
GRB061007 1.930 0.152 0.041 29.29
GRB070508 0.446 0.025 0.026 17.13

GRB070612A 0.014 0.002 0.013 12.13
GRB071003 0.817 0.085 0.254 24.72

GRB071010B 0.110 0.004 0.005 20.58
GRB080319C 1.510 0.153 0.203 50.44
GRB080413A 0.724 0.071 0.172 66.14
GRB080916A 0.031 0.001 0.006 13.84
GRB090424 0.141 0.008 0.012 10.24
GRB090618 0.182 0.004 0.004 10.24
GRB090812 1.220 0.141 0.270 66.86
GRB091127 0.148 0.006 0.006 9.11

GRB100413A 1.928 0.281 0.703 117.22

Table 6.2: Isotropic luminosity and luminosity distance (Ld)of Suzaku-Swift GRBs

The tabulated values correspond to the best fit a cut off powerlaw (CPL) normalized

to 100 keV (Eq. 4.1) or a Band model (Eq. 2.1),β values indicate for which GRBs Band

model was used. Most of the GRBs present better statistics with a CPL model. GRB091127

is an outlier since this burst is in association with a supernova, the best statistics were found

using a single power as spectral model. For the rest of burststhe photon index on the low

energy power is distributed normally, the values are between the reported in other samples

[1]. Peak energies in table 6.1 are computed in observer frame

6.2 Amati relation test

A well established relation for GRBs with known redshift is the correlation between the

cosmological rest-frameνFν spectrum peak energy and the isotropic-equivalent radiated

energy, known as Amati relation. This relation only holds for long GRBs but the inter-

pretation of this relation is still in discussion. The isotropic energy depends on the energy

spectral shape of the burst, but there is no yet a defined modelfor GRBs. The relation

establishes thatEiso dependence onE peak follows a power law, with index 2[2]. In order

to verify the Amati relation we used a set of 39 long GRBs from Amati work 2006[1]. The

chosen data corresponds to observations between 1997 until2005, and the data we used

corresponds to observations between years 2006 until 2010.The whole sample covers 13

years of observations done by 5 different satellites. In figure 6.1 the Amati relation is plot-
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Figure 6.1: Amati relation for Swift-Suzaku bursts (red), in black 39 GRBs from Amati 2000[1]

ted, the bursts from this work are shown in red and in black theset of 39 bursts from Amati

previous work [1]. There is no evident outliers, which suggests thet the analysis is correct

and inside the standard values. Amati relation mathematical expression is expressed as

follows.

Eiso = C × Em
peak (6.1)

Amati reported a power index value m=0.570± 0.02 for the 39 long GRBs, the sample

of 15 GRBs we used gave a power index m=0.523± 0.02. Although both power index

valeus are not the same, the difference is not too significative, which susuggests that there

no miss-computations of the spectral values. The Spearman rank correlation value of the

studied sample is 0.84 with a chance probability of 2.6×10−3, the obtained value of prob-

ability is above 5%, but below 1, we can say we are 95% confidentabout our analysis.
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Chapter 7

Combining time, energy and distance

All timescales of GRB variability are expected to show the effect of time dilatation, a

consequence of this cosmological effect is that distant bursts should be brighter and short

compared with close burst that should dimmer and long. The Amati-Yonetoku like rela-

tions, already confirm that distant burst are brighter[1]. We have estimated the duration

time of the emission of GRBs (T50), the time intervals where the burst engine is in a high

state of activity (t50) and the ACF-FWHM (ACF) of GRB which give an estimation of the

power of the emission in a given band and characterize the internal structure of the bursts.

Now, we aim to investigate how the cosmological dilatation affects the different kind of

time estimators and energy.

7.1 Time, energy and distance of long GRBs

The time estimators measured in the laboratory frame are dilated and redshifted in energy

[8]. It is necessary to apply the cosmological correction intime and energy to determine

how distance, time and energy are modified. We compared the three time estimators in the

GRB frame with their isotropic luminosity. Assuming that all the timescales are modified

in the same way by the Universe expansion; if they have a same kind of origin all the prop-

erties will be altered in the same way. Looking for anomaliesthat could be cosmological

effects, different types of phenomena or intrinsic effectswe compared the time corrected

estimator with the isotropic luminosity. The bimodal distribution of long GRBs established

by Borgonovo[6, 7], and confirmed previously, is a hint of theexistence of an subclass of

long burst. To elucidate the nature of this bimodality we combined the time estimators in

the rest frame with their corresponding isotropic luminosity. In table 6.1 as a first attempt

we compare the distance which is given by the redshift, one time estimator (t50) and the

isotropic luminosity (Liso). In the sample of studied bursts, the subclass of long GRBs
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could by hidden in GRBs with a smallz, they are longer or have low luminosities. If the

origin of the anomaly is non cosmological the time stretching should be different, then we

first look for longer bursts which are labeled (+) in table 7.1. We expect to detect a sim-

ilar time stretching and energy redshifting in three estimators we calculate in both energy

bands. Just looking at the values of table 1, the 4 marked GRBshave smallz and the active

engine last longer and the energy is low.

GRB z t50(50-150 keV) sec Liso 1052ergs
GRB060814(+) 0.84 23.50 0.072

GRB060908 2.43 5.10 0.761
GRB061007 1.26 17.00 1.930
GRB070508 0.82 4.55 0.446

GRB070612A(+) 0.62 43.01 0.014
GRB071003 1.1 11.80 0.817

GRB071010B 0.95 1.26 0.110
GRB080319C 1.95 4.88 1.510
GRB080413A 2.43 4.27 0.724

GRB080916A(+) 0.69 8.70 0.031
GRB090424 0.54 1.75 0.141

GRB090618(+) 0.54 21.10 0.182
GRB090812 2.45 15.10 1.220
GRB091127 0.49 0.98 0.148

GRB100413A 3.9 58.50 1.928

Table 7.1: Comparative values of distance, energy and time for long GRBs

In table 7.2 we explore the correlation between each one of the time estimators in the

rest frame with the isotropic luminosity. The values of the sample as a whole do not show

any correlation at all, but when the candidates to be outliers are removed a correlation be-

tween time and energy is evident. The correlation increaseswhen the energy is higher.

The plots of and Liso and T50 are shown in figures 7.1 and 7.2, for ACF-Eiso and Liso in

Fig.7.3, 7.4 and t50-Eiso 7.5, 7.6 respectively. The better correlation is observed within the

time of emission (t50) and Liso, and becomes stronger in the 50-150 KeV band. The time

of emission give us a measure of periods of time where the GRB engine is more active, and

is directly connected with the nature of the phenomenon. A such increase in the correlation

is an evidence of the intermediate class of GRBs and give us some hints about a possible

different origin.

Nevertheless, the light curves of those outliers of the class of long GRBs have a stronger

emission at 15-50 keV Band. This fact is another physical characteristic of the third class

of GRBs.

47



Estimator and band(kEV) r P r(+) P(+)
T50 (15-50) -0.229 0.68 0.682 7.8×10−2

ACF (15-50) -114 0.76 0.699 5.0×10−2

t50 (15-50) 0.146 0.64 0.643 4.0×10−2

T50 (50-150) -0.216 0.73 0.675 3.5×10−2

ACF (50-150) 0.180 0.75 0.730 4.6×10−2

t50 (50-150) -0.05 0.78 0.786 5.8×10−3

Table 7.2: Time estimators-Liso Spearman correlation coefficients (r) and chance probabilities P for
the whole sample (15 GRBs), (r+) and (P+) are the correlationcoefficients and chance probabilities
for sample without the long-dimm the bursts (11 GRBs)
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Figure 7.1: Isotropic luminosity as a function of T50 in 15-50 keV band, red crosses represents the
long-dim bursts

7.2 Peak energy relation with time parameters

The Amati-Yonetoku relation gives us information about thetwo parameters that come

from spectral analysis. In the previous section we just investigate the temporal properties

with the isotropic luminosity. Now we study the possible relations between the peak en-

ergy parameters and each of the time estimators. We already have 4 GRBs that behave

differently than the rest of the sample, in time and in energy. In this section we verify

if GRB060814 ,GRB070612A, GRB080916A and GRB090618 also form a group sepa-

rate the peak energy in the burst frame is compared with each of the time estimators. We

proceed in a similar methodology as for time estimator-Liso. We compute the correlation
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Figure 7.2: Isotropic luminosity as a function of T50 in 50-150 keV band,red crosses represents
the long-dim bursts

coefficients for the whole sample and for the sample without the 4 outliers candidates. The

values of the correlation coefficients are shown in table 7.3. Epeak energy depends on the

distribution of relativistic velocity of leptons, so thereshould be an other kind of physical

process.

In general, the values of the correlations are smaller than for Liso. We should mention that

there is no possible correlation between ACF and Epeak, the plots for these two parameters

are shown in figures 7.9 and 7.10 where the time estimators correspond to the 50-150 keV

Band. Figures 7.7 and 7.8 show the correlation between Epeakand T50 in the soft and high

energy bands. The time estimator that correlates better with Epeak is t50, and figures 7.10

and 7.11 shows in red the 4 outlier candidate GRBs.

The correlation between t50 and Epeak suggest that GRB060814 ,GRB070612A, GRB080916A

and GRB090618 form a cluster in the region of longer burst activity with a relative low peak

energy. That could be reflecting a different engine that needmore time with a less efficient

energy conversion. A similar interpretation could be applied to the correlation between T50

and Epeak althought but the statistics are still poor to confirm. We could associate the long

duration due to the time history composed by broad pulses, which suggest a long interac-

tion of the colliding shells considering a fireball model. Inthe appendix A, the light curves

of all the bursts are shown, and effectively these 4 GRBs havea time history composed

by several broad pulses. The lack of correlation of ACF with energy suggest that this time
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Figure 7.3: Isotropic luminosity dependence with ACF in 50-150 keV band, red crosses represents
the long-dim bursts

estimator does not shows the average time of the physical process. The ACF is more related

with the intrinsic properties that are accuring during the emission.

Average energy measurements of GRBs shows a strong correlation with the emision and

duratio time, and these time estimators are linearly dependent, and put in evidence the pres-

ence of a third class of GRBs. In this work we propose to classify GRBs in the rest frame,

and we found among the standard long burst a types of GRBs thatare less energetic, longer

and relatively close.

Estimator and band(kEV) r P r(+) P(+)
T50 (15-50) 0.11 0.68 0.68 5.0×10−2

ACF (15-50) -0.01 0.97 0.44 0.18
t50 (15-50) 0.11 0.69 0.56 8.0×10−2

T50 (50-150) 0.15 0.58 0.61 3.5×10−2

ACF (50-150) 0.13 0.62 0.47 0.47
t50 (50-150) 0.24 0.38 0.75 2.0×10−2

Table 7.3: Time estimators-Ep Spearman correlation coefficients (r) and chance probabilities P for
the whole sample (15 GRBs), (r+) and (P+) are the correlationcoefficients and chance probabilities
for sample without the long-dimm the bursts (11 GRBs)
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Figure 7.4: Isotropic luminosity dependence with ACF in 50-150 keV band, red crosses represents
the long-dim bursts

7.3 Long-near-dim bursts

Except for GRB091127 which is associated with a supernovae,there is a strong evidence

of a clustering of bursts with large duration of the outburstactivity and large active phase

of emission. This burst are outliers in the time estimator-Eiso planes and t50-Epeak, T50-

Epeak planes. The best correlation are between the time of emission of 50% of the total

fluence with Eiso (0.91) and Epeak (0.86) when the 4 burst are removed. The correlation is

stronger in the 50-150 keV band, where it is not expected to have some miss-measurements

of some soft-X ray extended emission. The value of t50 reflects the times intervals where the

engine of the GRB is in its more active phase, since there is a clear difference between the

4 outliers and the rest of the sample, we strongly suggest that the engine for the two class of

long burst are different, rurthermore the distance is also near, then the progenitors should be

also different. The classification of GRBs in the rest frame give us more information about

the prompt emission origin, there are two kind of long burst with specific temporal, spatial

and energy properties. In the GRB frame, long bursts can be classified in longer-near-

dim bursts and long-distant-bright bursts that seem to obeya positive correlation. Normal

long burst behaves as is already expected, dim burst are closer and distant burst should be

brighter [8].
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Figure 7.5: Isotropic luminosity as a function of t50 in 50-150 keV band,red crosses represents the
long-dim bursts

Figure 7.6: Isotropic luminosity as a function of t50 in 50-150 keV band,red crosses represents the
long-dim bursts
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Figure 7.7: Dependence of Epeak with T50 in 15-50 keV band, long-near-dim burst are represented
in red

Figure 7.8: Dependence of Epeak with T50 in 50-50 keV band, long-near-dim burst are represented
in red
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Figure 7.9: Dependence of Epeak with T50 in 15-50 keV band, long-near-dim burst are represented
in red

Figure 7.10: Dependence of Epeak with ACF in 50-150 keV band, long-near-dim burst are repre-
sented in red
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Figure 7.11: Dependence of Epeak with t50 in 15-50 keV band, long-near-dim burst are represented
in red

Figure 7.12: Dependence of Epeak with t50in 50-150 keV band, long-near-dim burst are represented
in red
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Chapter 8

Conclusions

8.1 Temporal estimators classification

Classification of GRBs has started since their first detection, the standard method to classify

them is to compute the time of emission of the 90% of the total fluence T90. The canonical

two classes of burst are long and short [15], nevertheless a division into 3 classes was re-

cently demonstrated by Horvath [24]. The last two mentionedclassification were done in

the observed frame. One of the most intriguing questions is to know if this classifications

are hidden some intrinsic properties due to cosmological effects. In 2007, Borgonovo[7]

shown that long GRBs have a bimodal distribution when the ACFis cosmologically cor-

rected, opening the possibility to classify GRBs in the restframe. Following this idea,

we also found a similar bimodal distribution of long GRBs when the ACF is computed

in the rest frame. Since we expect that cosmological dilatation effect is the same for all

the timescales, we also extend the bimodality for others time estimators: duration times

of outburst activity (T50) and the time intervals where the engine is in the most active

phase (t50). There are 4 GRBs that in the time-distance plane, form a subgroup. Long-near

burst and long-distant burst, seems to have different origin and behavior. One of the most

obvious properties is that the redshift is relatively smallwithout supernovae association,

that could give a hint of the possible different progenitor,although to produce a fireball

the scenarios are quite restricted, specially the collapsar model need some low metallicity

environments[?]. In the light curves, we also observed that there are some common trends,

the time history is composed by broad pulses that underlie a longer active phase.

The three chosen time estimators gave a different type of time intervals measurement, but

a relation between them should be expected, we are measuringtemporal parameters of the

same physical phenomenon. We established that the three estimators are strongly corre-

lated and that there is a linear dependence between the T50-t50 as well as ACF-t50. The
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linearity of the dependence seems to be independent of the energy, a simililar correlation

values were obtained in the high energy band (50-150 keV). The advantage of using T50

instead of T90 is justified by the fact that T90 could lead to a miss-measurement of the

duration due to some soft-extended emissions[12], GRB090424 and GRB071010B shows

longer values of T50 at 15-50 keV band because of the soft tail, as it is possible toappreci-

ate in the respective light curves.

Although we cannot establised a standard trend for the behavior of the light curves in bands

higher than 150 keV, due to the gain dependence of WAM-Suzakuinstrument degradation,

there temporal values are shorter at the high band from BAT-Swift detector.

8.2 Space-time and enegy evidence for a subclass of long

bursts

From the temporal analysis of 15 bursts detected simultaneously by Swift and Suzaku with

known redshift, we already determine a subgroup of long GRBs. GRBs that are closer

and are longer in the rest frame seem to form a different type of long burst. GRB060814

,GRB070612A, GRB080916A and GRB090618 have similar light curves, showing broad

pulses in their time histories. To investigate the counterpart in energy, we performed a spec-

tral analysis using Swift-BAT and Suzaku-WAM instruments,which are complementary,

and offer the unique possibility to have spectra from 15 to 5000 keV. The combined spec-

tra from both observatories allows to compute with a reliable statistics spectral parameters

such peak energy, isotropic energy and isotropic luminosity.

Universe expansion should redshift objets in energy and dilate in time. We verified that all

the timescales we used obey the cosmological principle of expansion. When they are cos-

mologically corrected, a classification of long GRBs into two groups is possible. ACFs and

peak energy are not correlated, but the time intervals of most active phase and the duration

emission time of the 50% of the total fluence are strongly correlated with peak energy and

the isotropic luminosity when the 4 long-near GRBs are suppressed. The 4 bursts have a

longer temporal estimators and have a smaller isotropic luminosities, so we could include

another restriction on energy to the long-near burst, they are dimmer and its peak energy

also lays in the longer t50 and low Epeak quadrant.

The evidence of a subclass of GRBs is also present in the time-energy planes, which rein-

force the possibility of different engine or progenitor forGRBs which have longer active

phase, they are dim and have a small redshift. Furthermore, as we mentioned in chap-

ter 5 a bimodality of long GRBs in the afterglow phase has beenreported which is in-

terpreted as possible difference of explosion mechanism between both types of long bursts
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(Dainotti[11]). The classification of GRBs in the rest frameunveils more information about

the engine that powers the prompt emission of long bursts. Using a short time estimators in

the 50% level, specially t50 which represents the time intervals of the most active phaseand

the counterpart in energy, give strong evidence to suggest that long GRBs could have more

than one origin. The correlation between t50 with Epeak when the long-dim-close burst are

suppressed in the analysis, could reflect the difference in the fermion’s velocities distribu-

tion, which maybe would be related to a different physical origin of the two suggested class

of long GRBs. The classification of GRBs considering the cosmological expansion gives

more hints of the origin of burts, and uncover the information hidden in the classification

in the observer frame. Nevertheless, the lack of redshift detection is still a restriction to

have large burst samples with confident statistical levels.Finally, we found that the spec-

tral analysis reproduce the Amati relation which give to theobtained results reliability. And

confirms that the Amati relation is almost independent from the systematics effects.
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Appendix A

Light curves and spectra

Swift light curves in 15-50 keV and 50-150 keV bands. The spectrum corresponds to model

that fits better Suzaku and Swift data.
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Appendix B

T90 values in two Swift energy bands

Burst T90 [15-50 keV] T90 [50-150 keV]
GRB060814 146.1± 4.1 143.4± 7.1
GRB060908 19.75± 2.1 17.8± 0.7
GRB061007 92.0± 6.0 59.1± 2.1
GRB070508 24.7± 0.8 17.3± 0.6

GRB070612A 361.0± 55.6 223.5± 17.7
GRB071003 149.9± 5.8 137.5± 98.5

GRB071010B 37.2± 2.8 32.5± 3.0
GRB080319C 41.0± 10.7 11.5± 0.9
GRB080413A 46.6± 0.5 44.8± 1.6
GRB080916A 61.4± 8.3 62.7± 19.3
GRB090424 52.7± 2.0 8.1± 7.3
GRB090618 114.3± 0.8 107.8± 0.8
GRB090812 98.1± 12.8 54.6± 2.4
GRB091127 9.3± 1.2 7.2± 0.9

GRB100413A 203.1± 13.1 189± 16.9

Table B.1: Values of T90 in 2 energy bands , the values are expressed in seconds (observer frame).
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Appendix C

Light curves from Suzaku

Suzaku light curves are shown in 4 energy bands TH0, TH1, TH2 and TH3. In table 4.1,

the channel equivalence of the bands is available. In the next table, the energy equivalence

is described. The energy range usually changes in flight because of the gain variation of

the photomultiplier tubes. Not all the burst were detected in higher energy bands. Due to

the limitation of the binning size of the light curves to 1 second and the low signal to noise

ratio; the temporal parameters could not be determined. When it was possible to determine

T50, the value is shown.

GRB TH0 TH1 TH2 TH3
GRB060814 107± 40 227± 80 489± 181 -
GRB060908 90± 19 186± 40 - -
GRB061007 130± 20 229± 79 486± 178 3204± 2540
GRB070508 95± 36 203± 72 436± 160 2900± 2300

GRB070612A 99± 37 210± 73 - -
GRB071003 123± 18 216± 74 456± 166 2810± 2190

GRB071010B 120± 19 214± 75 - -
GRB080319C 125± 25 200± 57 432± 172 3050± 2450
GRB080413A 125± 24 225± 80 - -
GRB080916A 115± 40 237± 81 480± 122 -
GRB090424 120± 42 248± 85 525± 190 -
GRB090618 96± 22 228± 110 536± 198 3520± 2750
GRB090812 140± 22 267± 105 535± 180 -
GRB091127 123± 43 254± 87 537± 196 -

GRB100413A 147± 23 260± 90 550± 200 -

Table C.1: Energy equivalence for the light curves, the energy is expressed in keV
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Figure C.1: TH0(T50=58s)
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Figure C.2: TH0(T50=8s)
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Figure C.3: TH0(T50=22 s), TH1(T50=21 s) TH2(T50=20 s) TH3(T50= 14s)
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Figure C.4: TH0(T50=6 s), TH1(T50=5.75 s), TH2(T50=5.36 s)
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Figure C.5: TH0(T50=162 s),TH1(T50=162 s)
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Figure C.6: TH0(T50=9 s), TH1(T50=7 s), TH2(T50=6 s), TH3(T50= 4s)
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Figure C.7: TH0(T50=5 s), TH1(T50=6 s)
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Figure C.8: TH0(T50=7 s), TH1(T50=6 s), TH2(T50=7 s)
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Figure C.9: TH0(T50=14 s), TH1(T50=14 s)
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Figure C.10: TH1(T50=2 s)
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Figure C.11: TH0(T50=2.98 s), TH1(T50=2.88 s), TH2(T50=2.87 s
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Figure C.12: TH0(T50=22 s), TH1(T50=18 s), TH2(T50=12 s, TH3(T50=6 s
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Figure C.13: TH0(T50=22 s), TH1(T50=21 s)
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Figure C.14: TH0(T50=2 s), TH1(T50=1 s), TH2(T50=1 s)
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Figure C.15: TH0(T50=22 s)
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Appendix D

List of GRBs from Amati 2006

In the following table there is the list of bursts used to compare the validity of the Am-

ati relation, the missions used correspond to BeppoSAX (SAX), HETE-2(HET), KONUS

wind (KON) and Swift-BAT (BAT). Figure 11.1 shows the relation established by Amati[1]

where the power law Epeak=95×E0.49
iso is represented by the solid line.

Figure D.1: Amati correlation for 39 long GRBs and 2 XRF from Amati 2006[1]
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GRB Type z Epeak[keV] Eiso[1052erg] Instruments
970228 LONG 0.695 195±64 1.86±0.14 SAX
970508 LONG 0.835 145±43 0.71±0.15 SAX
970828 LONG 0.958 586±117 34±4 BAT
971214 LONG 3.42 685±133 24±3 SAX
980613 LONG 1.096 194±89 0.68±0.11 SAX
980703 LONG 0.966 503±64 8.3±0.8 BAT
990123 LONG 1.60 1724±466(b) 266±43 SAX/BAT/KON
990506 LONG 1.30 677±156(b) 109±11 BAT/KON
990510 LONG 1.619 423±42 20±3 SAX
990705 LONG 0.842 459±139(b) 21±3 SAX/KON
990712 LONG 0.434 93±15 0.78±0.15 SAX
991208 LONG 0.706 313±31 25.9±2.1 KON
991216 LONG 1.02 648±134(b) 78±8 BAT/KON
000131 LONG 4.50 987± 416(b) 199±35 BAT/KON
000210 LONG 0.846 753±26 17.3±1.9 KON
000418 LONG 1.12 284±21 10.6±2.0 KON
000911 LONG 1.06 1856±371(c) 78±16 KON
000926 LONG 2.07 310±20 31.4±6.8 KON
010222 LONG 1.48 766±30 94±10 KON
010921 LONG 0.450 129±26 1.10±0.11 HET
011211 LONG 2.14 186±24 6.3±0.7 SAX
020124 LONG 3.20 448±148(b) 31±3 HET/KON
020813 LONG 1.25 590±151(b) 76±19(b) HET/KON
020819b LONG 0.410 70±21 0.79±0.20 HET
021004 LONG 2.30 266±117 3.8±0.5 HET
021211 LONG 1.01 127±52(b) 1.3±0.15 HET/KON
030226 LONG 1.98 289±66 14±1.5 HET
030328 LONG 1.52 328±55 43±4 HET/KON
030329 LONG 0.17 100±23(b) 1.7±0.3 (b) HET/KON
030429 LONG 2.65 128±26 2.50±0.30 HET
040924 LONG 0.859 102±35(b) 1.1±0.12 HET/KON
041006 LONG 0.716 98±20 3.5±1.0 HET
050318 LONG 1.44 115±25 2.55±0.18 SWI
050401 LONG 2.90 467±110 41±8 KON
050525 LONG 0.606 127±10 3.39±0.17 SWI
050603 LONG 2.821 1333±107 70±5 KON
050922c LONG 2.198 415±111 6.1±2.0 HET
051022 LONG 0.80 754±258(b) 63±6 HET/KON
051109 LONG 2.346 539±200 7.5±0.8 KON

Table D.1: 39 long burst used for the calibration of the Amati relation from Amati 2006 [1]
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