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Abstract

Gamma-ray bursts (GRBs) have been proven to be cosmoladppadts that release a huge
amount of energy in a relatively short time. Neverthelegsaanonical classification of
bursts is usually in the observer frame, giving birth to addal distribution of GRBs, long
and short. Recently, an intermediate class of bursts hase @posed and the intermedi-
ate class of GRBs is a recurrent topic of debate. The studiesedgroup of GRBs were
renewed by the classification in the burst frame, as a firsiitre§ bimodal behavior of the
cosmologically corrected Auto-Correlation Function (AGKas reported. Following the
recent classification trend, a sample of 15 GRBs with knowlshét detected by Swift and
Suzaku satellites is analyzed in this work. The simultasetetection of long GRBs by
the mentioned satellites offers the opportunity to stugygrompt emission of GRBs in a
broad energy band range (15-5000 keV). Using the duratina to release the 50% of the
total fluence (%p), the ACF evaluated at the full-width at half maximum and ¢n@ssion
time of the 50% of the total fluencesg) as temporal parameters first a possible sub-class
of long GRBs is discussed when the temporal parameters asurezl in the GRB frame.
The three temporal parameters characterize a time inteflle same physical process,
but they are not completely equivalent although they angfly correlated. The relation
is linear between gy and o as well as ACF andsg. In the time-space plane, 4 GRBs are
have longer values of time estimators and they are relgtisdelse suggesting a subclass
of long GRBs. To elucidate if there is or not real evidencehis special class of bursts,
temporal values were combined with the energy parameteisotofor their spectra and
energy counterparts. Extending the validity of the Yonetokation for the studied sample
of bursts, we found that in the time-energy plane, the sama<tdexhibit a low isotropic
luminosity (Li so) and a low peak energy @t A strong correlation between the remaining
bursts in the time estimator-isotropic energy plane waeniesl, the correlations between
tso - Liso and Lsp - tp are especially high, which is interpreted as two differemygical
processes, sincegtis a temporal measure of the time intervals when the burgheng in

its most active phase. In the studied sample, 4 bursts caulthbracterized in the burst
frame as long-dim-close bursts. The classification in tls¢ frame in time-space and en-
ergy of bursts allows to restrict more the possible progesibf longs GRBs, and also
demonstrated that the expansion of the Universe modifigsradscales and energy scales
in the same way.
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Chapter 1
Introduction

The atmosphere of the Earth absorbs most of the gamma @d@iming from the space,
SO0 gamma-ray astronomy began to develop when detectoid @adh altitude levels above
the atmosphere using spacecrafts and balloons. Beingtaveah@w branch of astronomy,
there are still many unanswered questions among the ganmmeeso

Gamma-ray astronomy processes included cosmic rays atitana with interstellar gas,
supernova explosions, and interactions of energeticrelestvith magnetic fields. Among
one of the most enigmatic gamma sources in the Universe we Gamma-Ray Bursts
(GRBs), that were first detected in the early 1970s. Thesemely bright objects with
a duration in the order of seconds boosted the developmespaxfecraft technology and
is continuously challenging the investigation of new higtergy detectors. Nowadays,
several satellites are detecting GRBs in a broad energyergivgn new challenges to the
gamma-ray science.

It have passed almost 40 years since the discovery of GRBthandderstanding of their
origin, physical process is stillincomplete. Althoughsitvell established the cosmological
origin of GRBs, with the measure of high redshifts over 8 [854l isotropically distributed,
there are lacks of understanding of their progenitors,ataih mechanism and classifica-
tion.

To contribute in study of GRBSs, this work is centered in onéhefcanonical types of burst.
Long GRBs emit the 90% of their fluence in more than 2 seconfslsdiid is believed that
have a different progenitor than the other canonical typewmas short GRBs. In this
purpose a sample of 15 burst with known redshift was selesifdthe peculiarity that
those burst were detected by Swift and Suzaku satellitelsameouslys. Swift launched
in 2004 and Suzaku in 2005 carry detectors that combinedsaffie unique opportunity to
observe GRBs from 15 to 5000 keV, as well as the possibilifyesform spectral analysis.
The structure of this work start with a brief review of GRB®ppt emission, including the



physical processes, the temporal estimators and the glestdblished relations between
energy and spectral properties, as well energy with tenijpooperties. As a next step we
described the instruments on board the two satellites, asiping in the specific detectors
for GRBs, to continue the description of the analysis metthagly used to extract spectra
and time estimator of the selected bursts. The core of tldyssucentered in the analysis
and interpretation of the extracted information which madied in temporal estimators and
spectral properties. Three temporal estimators were asetiafter determining the relation
among them, the possibility of reclassification of long GR8discussed. Following the
idea of a bimodality of long GRBs, the spectral counter pagxplored, without passing
over the standard test for long GRBs given by the Amati-Yoketrelations [1]. Finally
we combined temporal, energy and distance information dBB&# demonstrated that the
classification of GRBs in their rest frame, reveals moresatiout their origins that was
hidden by the cosmological effects.



Chapter 2

Long Gamma-Ray Bursts

2.1 The prompt emission of Gamma-ray Burst

The cosmological origin of Gamma-Ray Bursts (GRBs) is widalcepted and introduced
new challenges in the understanding of its origin, radratieechanism and progenitors.
Considered as the second more powerful explosive everds thi# Big Bang, many at-
tempts have been done to use them as standard candles ofitteedgfi9].

GRBs emit radiation from radio band to GeV band and the eommss composed by a
prompt emission and an afterglow. The prompt emission tadlign the high energy range
of the electromagnetic spectrum and the afterglow radiates soft X-ray until radio fre-
guencies. In this work we are concentrated in the promptg@onf the GRBs, one of the
main reasons is because almost the whole energy is releas@ed this phase. Another
challenging reason to center the study in the prompt emmssithe lack of understanding
of the radiative process, progenitors and classificatioa.vWwM start a brief description of
the prompt emission of GRBs starting with the observatios®ly, the energetics and time
properties, continuing with physical processes involved finally the possible scenarios
for the birth of GRBs.

2.1.1 Observations

Gamma-ray bursts observations started with Vela satelitel 973, which was designed
to monitor energetic gamma-ray transient events produgeclullear weapons. The de-
tected events were unlike nuclear, thus the cosmic origithefsignals gave born to the
GRBs era. Only in 1992 with the launch of Compton Gamma-ragedlatory (CGRO);
the onborad instrument Burst and Transient Source ExpetifATSE) could demon-
strate the isotropically distribution of bursts in positiorespective of flux (Fig. 2.1). The



2704 BATSE Gamma-Ray Bursts

Figure 2.1: Isotropic distribution of GRBs from BASTE

Beppo-SAX satellite introduced measurements of redsbiftSRBs in 1997, suggesting
the cosmological origin of bursts. In the present there averal missions detecting GRBs
with a approximately rate of 1 event per day. The main charastic of GRBs is its bright-
ness, substantially bigger than the Milky Way and the restggnof the sun.

2.1.2 Temporal properties and energetics

A GRBs is an intense emission of X-ray, gamma and GeV radhdhiat last from a fraction
of a second to hundred seconds. The cosmological origin @s38well established, their
redshift is distributed from 0.01 to 8 approximately. Thew®nce of burst is isotropically
distributed in the Universe and the common range of theagatriuminosity is 161-10°2
ergs/sec [38].

The spectrum of GRBs is nonthermal with an energy flux thakped a few hundred
keV. Although there is any theoretical spectral model tlais§ied most of GRBs, a phe-
nomenological model introduced by Baetchl (1993[13]) fits satisfactorily the majority of
the observed spectra. Band model used two power laws jomedthly at a break energy
(o — p)E = 0, the model is desbribed by the following equation.

—hv

(hv)*e Fo for hv < (a — B)Ep
N(v) = Nog x (2.1)
((a — PEg)* P (hw)fef~ for hv > (a — f)Eg
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In the equation describing Band modeland g denote the spectral indices of the two
power laws. Wherp is more negative than -2F, peaks at =(a + 2)Eo. When the hard
component of the model is not present, the spetra is charsedeby a large negative value
of p.

The temporal structure of a GRB is very complex, it is compldse pulses with different
shapes that sometimes overlap. The canonical shape islsbaith a fast-rise and expo-
nential decay. The time estructure is sensitive with enghgyburst becomes narrow with
the increase of energy. There were made some attempts taraghe variability of the
burst which is defined by the width of the peaks compared tovtih@de GRB duration [33]
an it was found a correlation with the luminosity. A featuretween the light curves of
GRBs at different energies, is the delay between low enelngygms 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 significgh-energy tail. Since
the energy involved is around ¥01.0°? erg in a relative small time, the GRB physical
process involves a compact object [38]. The main ingredigwblved in the generation of
a GRBs are particle acceleration, magnetic field amplificgtsynchrotron emission and
inverse compton mechanism. The prompt emission is gerkbgtdigh energy particles
that have been accelerated within collisionless shockthisrsection we discuss the most
important known mechanisms and models to convert the kimetergy of the initial high
energy particles into radiation.

2.2.1 Fireball model

A mechanism of generation of GRBs involves a central endiaéltberates a relativistic

plasma composed by electrons, positrons, photons and &lgobaryon contamination

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

and external shocks of particles with different Lorentztéaconvert kinetic energy into

random energy. The energy acquired by leptons is radiatesybghrotron process in the
local magnetic field or inverse Compton radiation with pmstdrom the fireball. The

presence of baryons makes the plasma optically thick, aligwhe emitted photons to
revert the energy and momentum back to the fluid. The fluid lmesooptically thin due to

its relativistic velocity and high energy photons escapesipcing a non thermal spectrum
characteristic of a GRB.

During the fireball expansion, the radiated gamma-emissawis down the plasma and
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external shock are produce with the interstellar mediurMLlS his is the beginning of the
afterglow where the radiation will continuously be reledg® an increasing wavelength .
During the afterglows, reverse shocks are able to generafktloptical emissions, but the
properties of the reverse shocks are determined by the ISMityeand the bulk Lorentz

factor of the fireball.

The efficiency of all the involved process and the nature efrddiation depend on the
magnetic field intensity and the distribution of velocit@selectrons of the shock fronts.
A possible mechanism is the synchrotron emission, with agodaw energy distribution

N(E) o< E~P [36] for electron’s velocities.

2.2.2 Blandford-Zaneck model

It is possible to picture a GRBs event using the models inaglvotating black holes
surrounded by an accretion disk . This mechanism was intediby Blandford and Zna-
jek (1977 [5]). Here we discuss briefly the process which Ive® relativistic magneto-
hydrodynamics and a full reference could be found in [5]. Wtiee magnetic field and an-
gular momentum of a rotating black hole is large enough, #saium surrounding the hole
becomes unstable, any stray charged particles could béeeatesl and radiate producing
electron-positron pairs. The electromagnetic field in tlegnity of the event horizon will
become approximately force-free. Using perturbation mémphes approximate solutions
are obtained. This mechanism extracts the rotational grfesg the black hole-accretion
disk system via the magnetic field.

2.2.3 Synchrotron radiation

As we mentioned before synchrotron radiation is a stronglickte for radiation mech-
anism of GRBs. The observations of GRBs events are alsostensiwith synchrotron
spectra. We also established as fundamental parametergehsity of magnetic field
and the energy distribution of electrons which is a functodm minimum Lorentz factor
vemin and the index of electron distributiop. The determination of such parameters is
very complicated [38] and two dimensionless parametersvadtely use to deal with the
emission processg andee.

ep Is defined as the ratio of the magnetic energy denggyand the total internal energy
(Ec.2.2).

BZ

= (2.2)

€B



Similarly ¢e is defined as the fraction of total internal energy which isvasted into
random energy of electrons as we can see in the followingtegua
Ue
€e = — 2.3
o= (23)
It is assumed thatg andee stayed constant during the burst evolution, also a power
law distribution for electrons which could be expressed asation of the Lorentz factor

as is shown in the next formula.

N(ye) ~7e P for ye> yemin (2.4)

In order to avoid electron-positron pair generation causekighy values, we consider
a boundary condition op >2 . The relation betweep andye min is

< ye> (2.5)

Yemin =

p—1
whereye denotes the mean Lorentz factor of the distribution thatesras

m
< Ye>= Wz%ysh (2.6)
whereyg, corresponds to the Lorentz factor of the shock front intol®i. < ye >
also depends on the ration between baryons and electrotisgatnount of baryons should
be small since the fluid has to move relativistically. In thiedratory frame, the whole fluid
has a Lorentz bulk factorg, then the observed photons, blue shifted, have a charstateri
energy of

h0.B
hvsync = njec vevE 2.7)
e

The associated cooling time for synchrotron radiatigph¢) , defined as the ratio be-
tween the rest energy of the electron and the energy lostighsgtron emission is written
as

tsync(ye) = #Ije)’li (2.8)
whereot is the Thompson cross section. Combining the last two egpsitive can
express the cooling time as a function of energy as showreifollowing formula

3 |27 QgehmeC
t = — | ——— 2.9
sync o Bsy £V ( )



The cooling time limits the low boundary value of the timeigaility of the GRB, the
spikes in a burst cannot be shorter than the cooling time. Witth 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 emifiedtons affects the spectral
profiles of the radiation. Low energy photons could be soadkenany times until their en-
ergy become larger than the electron rest mass, and thelplibpaf dispersion is reduced
to the Klein-Nishina limit. The effect of IC is determined the comptonization parameter
Y, usually in lower case the IC scattering becomes importdr@nk’ >1. At this regime
a considerable fraction of synchrotron photons are diggkasd IC emission becomes im-
portant. The emission is detected at high energies (X-sayays) which makes it difficult
to recognize the IC effect. Nevertheless, the IC energyelopsoduce a significant cooling
of the electrons of the plasma and the cooling time shouldhbger than synchrotron cool-
ing time. The energy density of the electrons constitutesdisposable radiation energy,
which needs to be radiated by synchrotron and IC procesdestofal emitted energye

is

Ue = Usync + Uic (2.10)

IC photons are generated by scattered synchrotron phdtmistheY parameter could
be expressed as the ratio of IC emission and synchrotrorsemitooses, in other words
as the ration of synchrotron energy looses energy and thatgieri magnetic field.

U U
Yy = —1C _ Z9yne (2.11)
Usync UB

In the last section we introduced two dimensionless pararsdlig=ecg andUe=ece

that allow us to write the comptonization parameter as Yadlo

e for ee<en (2.12)
B

Y= /%8 for ee>en (2.13)
€B

The condition for IC scattering depends on tealue, the contribution is low when
Y < 1 corresponding tee < eg and the radiation process is synchrotroredf> eg most
of the radiated energy should have an IC origin. For a formsaubsion of the synchrotron
and IC processes, see reference [34].

Y



2.2.5 Possible progenitors

Progenitors of GRBs need to generate relativistic jets &eg should involve compact
objects, those basic ingredients were discussed in laagpshs. A possible scenario
involves a rotating black hole surrounded by an accreti@k @ the Blandford-Znajek
process. The physical processes and origins necessargéteste a fireball are quite
speculative. Compact object as rotating powered pulsaligpse of a massive stars (Col-
lapsars), supernovae (SN) explosions constitute the lpegsrogenitors for long GRBs.
Short GRBs have as a possible progenitor compact star irsoahce [29]. In the past
several years evidence of GRB/SN connections have beervedséherefore we will em-
phasize in the collapsar model [31]. Very special condgiare required for a star to evolve
all the way to a GRB under the collapsar model. The star mugehemassive, at least 40
solar masses [41], to form a central black hole in the first@ldhe star must be rapidly
rotating to develop an accretion disk capable of launchetg, jthe star must have low
metallicity not to lose its angular momentum by mass lossthadstar must be able wipe
out its hydrogen envelope so the jets can reach the surfaca.résult, GRBs are far rarer
than ordinary core-collapse supernovae, which requirettiestar be massive enough to
fuse all the way to iron, a deeper discussion could be fouriiran 2005 [38, 29].

2.3 GRBs time estimators

The durations of GRBs is been discussed since their disganetuding the classification
between the long and the short bursts. Calculating the idaraf the time interval starting
when 5% has been detected and ending when 95% of the totatégmve this canonical
classification and the definition of thgglestimator. Long bursts are whichyllast longer
than two seconds.The bimodality of GRBs started with Koitmelin 1993[15] when the
logarithms of the duration were studied. Nevertheless,esother durations have been
introduced to measure how the prompt emission time histeojves. In this chapter we
discuss three time estimators and the results of their ushdmcterize long GRBs. The
measures of time we choose are the autocorrelation fun¢fi@fr) at full-width at half
maximun (FWHM), the 50 percent of the accumulated fluencetla@dime of emission of
50 percent of the total fluence. To clarify the explanatiomhef time estimators, we show
GRBO070508 as an example for the definition and calculaticghe@temporal parameters.
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Figure 2.2: Lights curves of GRB070508 in two energy bands (Swift-BATed#or), z=0.82

2.3.1 Auto-correlation function

The autocorrelation function (ACF) is considered a poweaidol in time series analysis
because ACF is the Fourier transform of the power densitgtspé7, 6]. This fact comes
from the Wiener-Khinchin theorem which states that the pospectral density of a ran-
dom process is the Fourier transform of the correspondingcaurelation function. ACFs
were firstintroduced into the GRB study by Link et al.(1923)[and Fenimore et al.(1995)
[17]. The ACF of the light curves gives information about theernal structure of a burst.
It is established that the ACF of a light curve in a given baeddmes narrow when the
energy band of the light curve increase. The narrowing o”AG€ with the increase of en-
ergy follows a power law considering that the ACF is self $amat different energy bands
[17].

The definition of the discrete ACF for a uniformly sampled eblistory withAT time res-
olution, N time bins andn; total observed counts at birwith a corresponding background
b is shown in the following equation. Whe are the net counts defined @s=m;-b;, 0

is the Kronecker function anélg is the normalization.

N-1

Az =kAT) = >

i=0

Ci Cik — Miodok

Ao

Asumming the periodic boundary conditid®=C; N, the normalization condition

k=1,.,N-1 (2.14)
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Figure 2.3: Determination of ACF-FWHM for GRB070508 in two energy bands

holds Ap=1 for k=0. The normalization condition is shown in equation 2.1%wmwhthe
m; term subtracts the contribution of the uncorrelated nomesitlering that it obeys the
Poisson statistics. In figure 2.3 it is possible to visualie ACFs of GRB070805 which
light curves are in figure 2.2.

N-1
Ag= > CZ—m (2.15)
i=0

Among the properties of the ACFs of GRBs, we have that thepatrself-similar to the
GRB time profile which converts it into a count rate indepertdeol to study the prompt
emissions of GRBs at different energies without introdgamathematical assumptions
in the model of the light curve[44]. In the last few years, §amovo et al.[6] demon-
strated a bimodal distribution of long GRBs when the ACF ig@cted for cosmic time
dilation. Furthermore, signatures of cosmological timkatthn have been studied using
similar techniques [9], nevertheless the cosmologicattthtation seems to be mixed with
intrinsic effects. Correlation among bursts are believeddme from the combination of
cosmological and intrinsic effects while correlations amg@ulses in a single GRB give a
measure only of intrinsic effects[8].

Time profiles of GRBs generally are complex and energy depatndind the presence
of pulse structure reflects the temporal behavior of thenengine [33]. It is believe that
each pulse is closely related to the collision of two conseetshells in a Fireball model
[38]. The analysis of pulses from the prompt emission of GR&sbeen studied with time

11



resolved spectral analysis[39]. The investigation of thecsral lag of individual pulses
performed by Hakkila et al.[22] demonstrated that spedaglis a pulse property rather
than a entire prompt emission characteristic. The intcipsoperties of GRBs continue to
be an mystery since the high variability. Comparing to ptitteg techniques to describe a
GRB light curve, ACFs do not need to introduce any matherabsissumptions that could
introduce non phenomenological or instrumental errorse piise fitting technique is pow-
erful to characterize the pulse parameters [3].

2.3.2 Duration times

The measure of thesg is based on the same principle afpvalue (Kouvelitou [15]). This
measure is sensitive to the pulses and internal structuiteegfrompt emission. This kind
of time estimators give the canonical classification of GRBsng and shorts [Kouvelitou
[15]]. Tso measures the duration of the time interval starting when B&%been detected
and ending 75% of the total fluencesglis not sensitive to precursors and soft structures in
the beginning or end of a burst. In figure 2.4 thg Tegion of GRB070508 is shown, the
Tso values is given by the difference of the time where the irdtsgt fluence equals 75%
of the total fluence and the time when the fluence equals 25%edbtal fluence.

Using a large sample of bursts GRBs and they duration, Horvath et al.[25] demon-
strated that a third class of GRBs produce better stati$tans the canonical bimodal clas-
sification. In posterior works using Swift data the classifien of GRBs into short, inter-
mediate and longs was confirmed [26, 24].

12
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Figure 2.4: Tsg determination for GRB070508 (15-50 keV band3,=8.80 sec The light curve in
15-50 keV band is shown in the top panel and in the bottom péwgetorresponding 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 wasdhtced by Mitrofanov in
1999[16]. This method is defined as the time of emission ohthlé of the total fluence
(ts0), detected from the highest flux level. This measure exdwdlethe low emission in-
tervals of a burst, and characterizes the states correspptalhigh power emission. This
time estimator gives information about the time intervalseve the GRB engine is its more
active phase. Mitrofanov's time measure method usuallfhstsr than the already men-
tioned T5o [16]. In figure 2.5 the method to determing ts explained. With the original
light curve a decreasing order light curve is generatednggie new reordered light curve,
we calculate the integrated fluence and Haeitne corresponds to the summation of all the
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bins which rate is larger than rate corresponding to the 50#beototal fluence.

i 15-50keV

unts/0.1sec

rate cot

15

level of counts at the 50% of the total fluence

rate counts/sec
1

0.5

T T T T T T
0 5 10 15 20 25 30 35
burst time [sec]

150

100

50% of the total fluence

N

integrated fluence of the decreasing ordered light curve

150=6.45

L L L L L
5 20 25 30 35

. .
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burst time [sec]

Figure 2.5: Mitrofanov tsg estimator determination for GRB070508 (15-50 keV band) Tdme
panel shows the original light curve of the burst, the midoeel corresponds to the decreasing
reordered light curve and the botton panel shows the intednate in time of the reordered light
curve.

2.4 Luminosity relations

The detection of afterglows and redshift estimates of GRBsesthe BeppoSAX satellite
era introduced intriguing properties of GRBs in their cosogacal frame. Correlations
between spectral parameters and energy, as well as tinogibsstvith energy, at GRBs rest
frame proved the cosmological origin of bursts. In this sectve explore these two kind
of properties of bursts that are intrinsic of the cosmolatftame.
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2.4.1 Intrinsic spectral and energy relations

The discovery of the correlation between the cosmologiest-framevF, spectrum peak
energy and the isotropic radiated energy,En Amati work [2] gave born to a series of
enigmatic properties of GRBs. The so called Amati relat®oantinuously been extended
after the post-BeppoSAX mission era, demonstrating thair tbrigin is rather physical
than caused by instrumental selection effects [1]. A dimetgrpretation is the optically
thin synchrotron shock model [2] for an electron distribatwith a power law shape. This
kind of results help to restrict the physical model of GRBigjuFe 2.6 shows the first Amati
relation for 12 long GRBs.
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Figure 2.6: Amati relation for 12 GRBs Amati[2002[2]]

Among the spectral and energy relations we find Ghirlandatiel, peak energy-
collimated corrected energy [20] and Yonetoku [43] whicfedd a tighter correlation. A
similar relation between the peak energy and Luminosityissussed by Schaefer [37].
Recently, Goldstein et al. [21]demonstrated that the peakgy fluence ratio leads to the
canonical classification of GRBs in short and long burstsidag a time estimation. [4]

2.4.2 Temporal and energy relations

Light curves of GRBs present a broad morphology, dependmthe intrinsic GRB time
history and energy band. To clarify the physics hidden iasine time profiles of GRBs, the
study of various temporal parameters and energy were ddrerelation between temporal
properties, such as duration and spectral lags, and enezgyidely studied. An Spectral
lag is the time difference between low energy photons ank éigergy photons. The spec-
tral evolution timescale of pulse structures is anticated with peak luminosity[30, 3] and
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it has been demonstrated that spectral lags are pulse thtreburst properties holding a
negative correlation between peak lag and peak luminasi@RBs[22]. In figure 2.7 we
can see that the anticorrelation is not held by short buesther GRB/SN bursts.
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Figure 2.7: Anticorrelation between specral-lag and peak luminosigh@Is[2006[18]]

The duration of the prompt emission has several interpogtat defining the transition
time for the prompt component (Tp) a relation with the X-rayinosity is established (Qi
and Lu 2010[32].
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Chapter 3
Instrumentation

In this study we used a set of GRBs detected simultaneoushyliy and Suzaku satellites.
The high energy detectors on board those missions coveraa lvemge of energy. Both
missions are the complementarity and permit to detect eomg$som soft X-rays untily
radiation. In this chapter a description of both observators presented, with special
emphasis in the detectors designed to observe the promgsiemiof bursts.

3.1 Swift satellite

Swift satellite was launched into a low-Earth orbit on a Bél820 rocket on November
20, 2004. This multi-wavelength observatory speciallyidad to observe GRBs in the
gamma-ray, X-ray, ultraviolet and optical waveband. Amtmgmain achievements, Swift
detected GRB090423, the most distant known spectrosdbypadgect in the Universe at

z=8.3 and currently localizes approximately 100 GRBs par.y€he Swift telescope pay-
load is comprised of three instruments which work in tandeprovide rapid identification

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

telescope and The UV/Optical telescope (UVOT) composedrthssion (Fig. 3.1). The

spacecraft autonomously slews within 20 to 75 seconds @&ctlieg a GRB so that the
fields of view (FoVs) of the three instruments overlap theatam of the burst.

3.1.1 Instruments

The three detectors of Swift are co aligned and permit to mes€&RBs from the prompt
emission until the afterglow times. The BAT is a wide-fieldded-mask gamma-ray de-
tector that is sensitive to energies of 15-150 keV. It dst&RBs, computes their positions
to 1-3 arcminutes, and triggers autonomous slews of theegpait 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 GRBpproximately 2-3 arc-
seconds, and performs imaging and spectroscopy in the@ka\ band.

The UVOTis a narrow-field UV/optical telescope with a 30 cnedpre mirror that operates
at wavelengths between 16@0and 6000A. It provides burst positions to 0.5 arcseconds
relative to the stars in its field of views (FoV), a finding dhand performs broad-band
imaging on GRB afterglows.

3.1.2 Burst Alert Telescope

BAT with its large field of view (FoV) is designed to providdteral GRB triggers and 4-
arcmin positions, in figure 3.2 the BAT instrument is showns b coded aperture imaging
instrument with a 1.4 steradians field-of-view half codedhe Energy range is 15-150 keV
for imaging with a non-coded response up to 500 keV. BAT coaleerture FoV always
includes the XRT and UVOT FoVs, long duration gamma-ray smisfrom a burst can
be studied simultaneously in the X-ray and UV/optical reggm The BAT is composed
by 32768 pieces of CdZnTe that form a @6 m sensitive area detector. Groups of 128
detector elements are assembled inkB8arrays, each connected to 128-channel readout
Application Specific Integrated Circuits.

The BAT has a D-shaped coded aperture mask, made of appriakybd000 lead tiles
with an area of 2.7 m(Fig 3.3). The coded-aperture mask uses a completely rafsio¥h
open-50% closed pattern. A detailed description of theumsénts is available in[14].

BAT data

There are two types of data produced by the BAT, standarcegudata and standard burst
model data. The standard survey mode data products are skyesna catalog listing of all
detected sources, light curves for all detected sourcestigpand 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 thramnent collects count-rate data
in five-minute time bins for 80 energy intervals. The staddBurst Mode data products
are burst spectra on various time scales, response matrgltgsurves, and images. When
a burst occurs it switches into a photon-by-photon mode ae¢bprst information is also
saved. BAT event data is the most relevant data, it allowkdracnd removal using mask
weighting technique.

3.2 Suzaku satellite

Suzasu was successfully launched on July 10, 2005 from thenblgra Space Center
(USC) in Japan. The principal achievement of this missios wacarry the first X-ray
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micro-calorimeter to the space. Suzaku is placed in a neautar orbit with an apogee
of 568km, an inclination of 31.9degrees, and an orbitalqeeof 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 grazimgdience telescopes (XRT)
four with focal lenght of 4.75 m and one with 4.5m. At the fo@isach telescope there
are distributed one X-ray Spectrometer (XRS) and 4 X-raygimg Spectrometer (XIS).
XRS works in the energy range from 0.3 to12 keV with an effectrea of 190 cf
an energy resolution of 6.5 eV at 6 keV and a FoV of 28/9°. Each unit of XIS is a
1024x 1024 pixel CCD detecting in the energy range of 0.2 to 12 ké\feg CCDs are
front illuminated and one back illuminated. The effectiveais 340 crf for the front
illuminated and 390 cfor the back illuminated. The energy resolution of XIS is 30
at 6 keV with a FoV of 18%x18".

The other instrument is the Hard X-ray Detector (HXD) whisimade of GSO crystals and
silicon PN diodes. The HXD operates between 10 to 600 keV, &3Qillator in energies
over 30 keV and silicon PIN diodes in energies below 60 ke\é €&ffective area is 145
cn? at 15 keV (PIN) and 315 cfrat 100 keV (GSO). The correspondent FoV is 334"
below 100 keV and 4%« 4.5°.

The last detector is the Wide-band All-sky Monitor whichhe tateral 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 thed{#sray Detector onboard
Suzaku. WAM detector is composed by 4 identical walls, eaoh loas 4 anti-counter
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units (Fig.3.2). The main role of the WAM is the backgroungcgion for the HXD main
detectors, i.e. PIN diodes and GSO. It also has a wide fielteaf and a large geometrical
area of 800 crhper one face, which can be utilized as an all-sky monitor agnior GRBSs,
solar flares, and bright X-ray transients. The sensitiveggnenge for the WAM is from
50 keV to 5000 keV in gamma-rays [42]. The excellent featudrthe WAM is its large
effective area of 400 cm2 even at 1 MeV (Fig.2), which enabte® study the high energy
radiation of the GRBs at MeV range (Gonzalez et al. 2003) asdrthine a peak energy
above 300 keV of the synchrotron emissions. Two types of deggproduced by WAM,
gamma burst data (BST) transient (TRN) data. BST data isedlaiwhen a trigger occurs,
the time history data (TH) has a fine resolution of 1/64 s indrgynranges and 55 channel
pulse height (PH) histogram data with coarse time resatutiol s. TRN data covers all
the time with 1-second time resolution for monitoring thekground. 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 55ch 0.5 s(PH) 64 s
TRN 55ch 1s(PH) telemetry each 1 s

Table 3.1: Characteristics of the WAM data
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Chapter 4

Gamma-Ray Bursts analysis

4.1 Datareduction

The sample of GRBs used in this study is composed by 15 burgtknown redshift de-
tected by Swift and Suzaku satellites. The following talilevgs the sample with the time
since mission corresponding to both satellites and the GRBtwn used for the spectral
and temporal analysis. For Swift the time is expressed inrsgg since 2001.0 UTC (deci-
mal) and for Suzaku in seconds since 2000.0 UTC (decimal).

GRB Swift (TO) Suzaku (TO) | Tstart| Tstop
GRB060814 | 177289340.42 208911740.04 TO-7 | TO+165
GRB060908 | 179398643.78 211021043.35 T0-13 | TO+18
GRB061007 | 181908490.3| 213530889.81 T0-10 | TO+100
GRB070508 | 200290699.78 231913098.84 T0-6 | T0+30
GRBO070612A| 203308728 | 234931126.98 T0-8 | TO+300
GRBO071003 | 213090057.28 244712456.01 TO-10| TO+50
GRBO071010B| 213741950.271 245364348.99 T0-2 | T0+30
GRBO080319C| 227622359.62 259244757.96 TO0-1 | TO+40
GRBO080413A| 229748062.02 261370460.3| TO | TO+35
GRBO080916A| 243251123.71 274873521.61 TO0-3 | TO+60
GRB090424 | 262275134.02 293897531.33 T0-1 | TO+30
GRB090618 | 267006514.69 298628911.85 T0-8 | TO+160
GRB090812 | 271749733.89 303372130.9| TO-7 | TO+80
GRB091127 | 281057151.1| 312679547.81 TO0-1 | TO+15
GRB100413A| 292872814.08 324495210.38 T0-2 | T0O+230
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4.1.1 Swift-BAT data

In the spectral analysis of Swift, we use BAT event files taaottspectra and light curves.
The equivalent energy of the used channels are 15-150 keMjvem light curves were
extracted in 15-50 keV and 50-150 keV band. The definitionafnts for a light curve
from BAT detector is a background subtracted counts pey flliminated detector for an
equivalent on-axis source. The area of a single BAT detéstdrl6 cnf . Thus, the con-
version between per unit area for fully illuminated detedsocounts.cm-2 = counts.fully
illuminated detector.0.16¢nd

The spectra were corrected by the standard tools, maskatugggand systematic errors.
The software for BAT analysis is distributed by HEAsoft adlives the latest calibration
files CALB(2009).

4.1.2 Suzaku-WAM data

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

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

or is not detected at all. As an example, in figure 4.1 GRB0O30%}s been detected in a
better way by WAM1. Taking this fact into account, we onlyrexted 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 lghtves. The software for
this purpose has not yet been made public, then the analgsidene inside the WAM team
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and with they collaboration. The structure of the respories &ire complicated then they
were generated by a WAM-team specialist. There are staridalslto create spectra, but
only for transient data. To generate spectra we use tratraea (1 sec time resolution), we
ignore channel 0-4 since the response files have systenratétainties in low energies.
When count level is to high, it is necessary to introduce desyatic error of 10% in
channels 0-10. Light curves could be generated using bettiskof WAM data (BST,
TRN), if the burst triggered the detector BST data is avddabight curves were generated
in four bands as described in table 4.2. The energy correlpwe depends on gain drift
of the detector and is taken into account in the response files

Band| channelg
THO 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 satpackage. Suzaku and
Swift spectra were fitted together using a GRB model or ctipotver law model. Only
GRB091127 was fitted using a sinple power low, the other tvexgpl models gave poor
statistics and GRB091127 is associated with a supernow@GRB model inside is XSPEC
corresponds to a Band function (Ec. 2.1) . The cut-off powedeh has the following
formula:
ez
N(E) = TR E Fp (4.1)

wherea is the power law index andtp, is the peak energy. The advantage of this
definition of power law comes from the direct calculation afue of the peak energy. The
combined spectra from Suzaku and Swift of the selected $arstshown in appendix A.
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4.3 Temporal estimators analysis

A complementary analysis was performed in order to inveséighe duration of the bursts.
With the extracted light curves we proceed to determineetitiéferent time estimators.
Bellow we explain the methodology to determine the temppashmeters. The light curves
of the 15 bursts in 15-50 keV and 50-150 keV bands are availabhppendix A. Suzaku
light curves in THO, TH1, TH2 and TH3 are shown, with their ggyeequivalence.

4.3.1 Autocorrelation function methodology

Autocorrelation functions, considered powerful toolshe study of time series, introduce
statistical fluctuations [6]. To reduce the uncertainties,generated Monte Carlo simula-
tions of the light curves (100) and we proceeded to calculaeACF of each one of the
simulated light curves, following the definition of chapfrin order to take into account
the uncorrelated noise, we assumed that the noise of eachasad light curve obeys a
Poisson distribution. We measure the ACF broad values g uHaNidth Half Maximum
(FWHM) and we take the value with a confidence level of 90%. AC& symmetric func-
tion, then it is enough to determine the half of the functiod ¢he measured values only
need to multiply by 2.

Infigure 4.2 , itis possible to observe an example of the satedl light curves of GRB070508
in two energy bands. For each light curve we generated trec@ssd ACF, in Figure 4.3
it is possible to observe the amplified region of the ACF atbtlhe FWHM. The ACFs
corresponds to the light curves in 15-50 keV band, and the-ABHM values lays in the
region between the black lines. Within the red lines, the A¥HM value is determined
with a 90% of confidence level. To calculate the ACF of theteld GRBs, we used light
curves with a bin size of 100 miliseconds for bursts with ahhgggnal to noise ratio. For
GRBO070612A and GRB100413A the bin size of the light curve tvagcond in order to
improve the signal to noise ratio. Nevertheless these twB&iftve a §o 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 origBwift light curves. The
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Figure 4.3: ACFs of the simulated light curves of GRB070508 in 15-50 keahdh the region
between dashed red lines correspond to 90% confidence level

4.3.2 Duration time Tsg calculation

For the calculation of 3o we used the associated software for each data type. For@ataft
we used thdattblocks tool, which is distributed with HEAsoft software. And for Suzaku
data, there is also an available tool to determine thev@ilue. Nevertheless, Suzaku tool
has not been yet released, but it works similarlp#dtblocks tool using Bayesian blocks.
In figure 4.4, we show the example ofgland T5q for unit WAML in all the channels.
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Figure 4.4: Tsg and Tgg regions of GRB080705 from WAM1 unit in channels 0-54

4.3.3 Time of emission of the 50 percent of the fluencegt

The estimation of thesy parameter was done following the established method msedio
already in Chapter 2. Using the original light curve in a gileand, we reordered it into
a new light curve in decreasing order of counts. With this gt curve we determine
the integral rate, and example of the procedure is plottdayure 2.5 . We repeated the
same process using the simulated light curves to obtainranestimation, measured also
in a 90% of confidence level of counts at the 50. In Figure 406, example of the ob-
tained region of emission times for GRB070508 in the 15-50 kand is shown.The plot
corresponds to the reordered simulated light curves andidination time is determined
in function of the count level at 50% of the total fluence. Tladues inside the red lines
correspond to the 90% confidence level of the emission tim#er®@ntly as Tso which is
determined by a time difference;ptis determined by the line which crosses the value of
the half of the total integrated fluence in the original lightve.
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Figure 4.5: Determination of the emission time{} of GRB080705 in 15-50 keV band, red lines
correspond to the 90% confidence level region. The plot shbeslecreasing ordered light curves
and the emission time is determined by the equivalentedtcatmat the 50% total fluence

4.4 Statistical analysis

Several relations between GRBs have been establishestheiceliscovery, but there is
no clear theoretical models to justify the origin of theskatiens. In order to look for
new relations between the observed parameters, the usuhbdodogy is to determine
how strong and probable is that two different parametersralsed without assuming
any mathematical equation. Calculating the correlaticgtsvben two variables is one of
methods, but the Spearman rank correlation permits us tavkhe strength of the link
between two sets of parameters. Spearman’s rank cornelabefficient p) is a non-
parametric measure of how possible is to describe the oaldtween two variables using
a monotinic. The definition op [28] for a set of n pairs of two varaibles; XY; with no
tied values is expressed in function of a new converted @rkey; , and the differences d
= X; - yi between the ranks of each observation. The rank assigné tmdger values, 2
the second big and consecutevely un the lower valuegpasdgiven by:

6xd?
nd—n

A perfect Spearman correlation of +1 or 1 occurs when eacheotariables is a perfect
monotone function of the other. Nevertheless, it is quite that the taken observations

p=1-— (4.2)
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obey perfectly the Spearman correlation. There is a methodeasure the significance of
the obtained value of correlation and associates degreesasfom to the sample, defined
as the number of pairs in your sample minus 2. Applying a Fistamsformation to the
distribution ofp, it is possible to establish a likehood of the correlatioowmg by chance.
Usually, it is acceptable whem is above 5%, but below 1%, meaning a confidence level
of 95%. In figure 4.6 a graphical explanation of a determinglde ofp and its associated
chance probability is shown.
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Figure 4.6: Significance graphic of the Spearman’s rank correlation¢Blana Field Study Center]
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Chapter 5
Temporal classification of GRBs

5.1 Dpata sample and characteristics

In this study a set of 15 GRBs simultaneously detected byl&uaad Swift satellites were
studied. The selected bursts are long GRBg Values are longer than 2 seconds, and
all the bursts have a measured redshift. They have beentel@étbetween August 2006
and April 2010. Another condition imposed to the bursts igtesl with their fluence.
We defined bright bursts, as the ones that have BAT fluenceS-ib0 keV band higher
than 30<10~7 erg/cnf. Among the selected GRBs, only one has been associated with
a supernova event. GRB091127 with z=0.49 (Cucchiara et &l1T&202) is associated
with SN 2009nz[10]. The rest of the bursts could be qualifiecds@ndard long GRBs.
The redshift distribution has a maximum value of 3.9 and aimmim value of 0.49, and
there is no evidence of a clustering in the sample. In thisiaeaeve study three types
of time estimators in order to quantify the duration of thedts. Since each of the time
estimators have a physical meaning, we proceed to invéstia relations between them
in the observer frame and in the burst frame. Finally, we anhobk for subclasses of
long GRBs, just by looking its temporal behaviour at diffsreands and using the three
estimators.

5.2 Time estimation in GRBS

The classification of GRBs, is generally related with itsation. Temporal properties
of bursts permit to define two or three categories[24]. Wengefithree possible time
estimators of GRBs , the duration of the time for the 50% offthence (o), the ACF

at FWHM (ACF) and the emission time of the 50% of the total feee(o). These three
estimators measures the half-time of the total emissionffardnt ways. We proceed to
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investigate the relation between each others. We chosethgaral values at 50% level,
since there is some tendency of miss-classifications dugteméed emission in soft X-
rays bands whengp is used [12]. For example GRB090424, hasgg duration of 52.7 in
the 15-50 keV band andgg 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-tay. A similar behavior is
observable in GRB080319C, only in 15-50 keV band an extragpwlas detected. On the
other hand, the values measured at the half maximum arstitally more robust[6].

A well know property of light curves of GRBs is that time higes become shorter at high
energies. We aim to study the dependence of the the estimsmmwith energy, so we
have determined the values of each one of the time estimat@®ands, 15-50 keV and
50-150 keV (observer frame). In Appendix C the light curvesf Suzaku are shown in 4
bands:THO, TH1, TH2 and TH3. The energy equivalence of tinel®& different for each
one of burst, because of the gain variation of the multiplteibes; in table C.1 the enery
range for each burst is shown. In the other hand, the linomtedf the binning size and the
small signal to noise ratio it was not possible to determhred time estimators at high
energies. Nevertheless, in some cases the valuggas Bhown below the respective light
curve.

‘ Burst ‘ z ‘ Ts0[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
GRBO070508 | 0.82 8.80+ 0.22 18.47+ 0.13 6.45+ 0.48

GRBO070612A| 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+ 0.16 476+ 0.4
GRB080319C| 1.95 7.90+ 1.03 11.35+0.15 5.73£0.32
GRBO080413A| 2.43 16.50+ 1.00 5.444+0.18 6.88+ 0.52
GRBO080916A| 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+ 11.10f 151.50+7.6

Table 5.1: Redshift and values of the three time estimatorg, ACF-FWHM (90% confidence
level), and &g in 15-50 keV band. All the Values are expressed in secondse(gbr frame).

Each of the chosen time estimators measure a specific tehgamcteristic of the
same physical process, then we expect some relation beteetnof the parameters. The
list of the calculated values are in tables 5.1 an 5.2. Inet&bl the redshift, §p, ACF,
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‘ Burst ‘ Ts0 [50-150 keV] ‘ ACF [50-150 keV]‘ t50 [50-150 keV] ‘
GRB060814 61.30+ 1.20 18.52+0.18 23.50t 0.31
GRB060908 6.50+ 0.56 7.55+0.40 5.1+ 0.84
GRB061007 22.30+ 0.36 34.20+ 0.60 17.0G£ 0.75
GRBO070508 6.90+ 0.10 11.77+0.33 4.55£ 0.12

GRB070612A| 172.00+ 10.12 23.00+ 12.60 43.08.80
GRB071003 11.60+ 2.04 17.50+ 1.90 11.8G+ 2.2
GRB071010B 4.60+ 0.36 8.16+ 0.20 1.26+ 0.35
GRB080319C 6.80+ 0.36 9.80+0.20 4.88t 0.40
GRBO080413A 14.75+ 0.35 3.84+0.12 4.27+0.90
GRBO080916A 20.60+ 2.02 9.49+0.31 8.70t 0.72
GRB090424 3.00+£0.14 2.28+0.08 1.75+0.30
GRB090618 23.70+ 0.22 41.70+ 0.30 21.10t 0.36
GRB090812 20.90+ 0.89 14.65+ 0.95 151G+ 1.14
GRB091127 2.70+0.91 1.64+ 0.64 0.98+0.14
GRB100413A| 100.40+ 11.92 89.10+ 16.90 58.5G+8.80

Table 5.2: Values of the three time estimators;oJACF-FWHM (90% confidence level), anghin
50-150 keV band. All the Values are expressed in secondefedasframe).

and tg in 15-50 keV band are shown, and in table 5.2 the same timmatstrs but in the
50-150 keV band are shown, in both tables the measured timespond to the observer
frame. In order to study the relation between the time egbrsawe determine the linear
correlation coefficient, the Spearman correlation (r) dreldhance probability P. The anal-
ysis was perfomed in the observed frame and in the burst fiamdethe obtained values
are shown in table 5.3. Looking at table 5.3 we conclude thathree time estimators are
strongly correlated in the observer frame, as well as, irbtivst frame. The different corre-
lations could be observed in Figures 5.1, 5.2 and 5.3 in tiemier frame, in the following
order. Figure 5.1 shows the correlation in 15-50 keV band ©@FAnd &g as a function of
Tso, figure 5.2 shows the same correlation but in the 50-150 keM laad figure 5.3 shows
the correlation of ACF andg in both energy bands. The following figures 5.4, 5.6 and 5.7
correspond to the correlations in the burst frame in the santher order that was mentioned.

The Spearman correlation is always high and the chance Ipitap & below 5% in both
reference frames, so the correlation between the thremaistis clear. Nevertheless, the
relation between the duration time and the ACF is not linaad the effect becomes more
obvious at high energies. Although the physical procedsisame, and ACF are mesuring
different aspects of the emission processp gives information about the duration of the
whole burst activity and the ACF gives information more tethwith the internal structure
of the burst, in other words how the pulses are emitted, geparation and their intensity.
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Correlation (Band keV) lin r P z-lin | z-r z-P
Ts0-tso (15-50) 0.76 0.98| 2x10™* | 0.89|0.94| 4x10°*
Tso-ACF (15-50) | 0.75| 0.86| 1.2x1073 | 0.76 | 0.81| 2.3x107°
ACF-t50 (15-50) 0.90| 0.86| 1x10™* | 0.84|0.89| 8x10~*
Tso-tsg (50-150) | 0.86| 0.94| 4x10™% | 0.92| 0.90| 8x10~*
Ts0-ACF (50-150) | 0.52| 0.86| 1.2x1073 | 0.40| 0.83| 1.8x10°3
ACF-t50 (50-150) | 0.86] 0.91| 6x107* | 0.72| 0.89| 8x10™*

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

The linear relation between ACF ang} reflects the similarities of both estimatorsgg ts
sensitive to the time intervals where the engine is in thetracsve phase, corresponding
somehow to the regions of the time history where the emissiach a threshold level and
depends on the internal structure of the burst as ACF does lifidarity betweensp and
ACF is conseved also in the high energy band. The correlatiserved betweensg and
t50 also seems to be linear in low energies (15-50 keV) and haeyers (50-150keV). The
linearity of the correlation could arise from the fact thap Teasures the duration of the
activity without taking into account the soft long tails asaft pulses in the beginning of
the burst. This time should coincide with the regions of theethistories where the engine
is its more active phase, represented by internal strustamacterized by high amplitudes.
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Figure 5.1: Correlation of ACF andst as a function of T in the observer frame in the soft band
(15-50keV)
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Figure 5.2: Correlation of ACF andst as a function of T in the observer frame in the hard band
(50-150keV)
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Figure 5.3: Correlation between ACF angptin 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 andst as a function of T, in the burst frame in the soft band
(15-50keV)
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Figure 5.5: Correlation of ACF andst as a function of ; in the burst frame in the hard band
(50-150keV)
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Figure 5.6: Correlation between ACF anghtin 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 alish distribution. It was

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

5.5, itis possible to appreciate the two classes of burdysvamen the ACF is plotted in the
GRB frame[6], this plot correspond to the work of Borgonowing 16 long bursts from
BATSE and Konus Wind. There is no clear explanation of theeoled bimodality, so we
also did a similar analysis with our sample of GRBs. We predusvo sets of ACFs, one
using light curves in 15-50 kev band and another one usirg kgrves in 50-150 keV
band.

In figure 5.6 we can observe the ACFs of the 15 long GRBs, timeme evidence of special
bursts that have a broader ACF or a narrower ACF since the Aa@¥#s the observer frame.
For each burst we plotted 5 ACFs produced by 5 Monte Carlo lsited light curves.

In Figure 5.7 we have plotted the ACF corrected by the fact(r+z) and there are 4
GRBs that seems to have a broad ACF, also found in the studgrgibBovo [6, 7]. A first
comment, we can say that the bimodality is not the result ofesselection effects intrinsic
to the detector. In a previous work using a small sample of &R@n BATSE, Konus wind
and BeppoSAX in total 22 GRBs, Borgonovo[7] also found thradulality. The bursts that
have a broad ACF should be closer and also longer in order @ $ébclass of GRBs.
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Figure 5.7: Bimodality distribution of the ACF cosmologically correct, Borgonovo 2004[6]
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Figure 5.8: ACFs of the 15 GRBs in the observer frame, using the lightesiim 15-50 keV band
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Figure 5.9: Cosmologically corrected ACF the sample of GRBs, red pts#CF of candidates of
a subclass of long GRBs

GRB060814, GRB070612A, GRB080916A and GRB090618 have aomtharacteris-
tics. The 4 GRBs have a redshift less than 1 and the value ofAl#s are larger in the
rest frame. This two characteristic could be a hint that unkie origin of the bimodality.
Compared to the rest of the bursts the time dilation effeet ducosmological expansion
is weaker than for GRBs with high redshifts. Since the ACFetfl the power density
spectra (PDS) of the burst, the value of its FWHM is relatetheomean period of activity
of the engine that produce the radiation. Borgonovo [7] &&md that the PDS shape is
different for the broad-long ACF bursts and narrow-long Aiksts, to confirm if those 4
bursts are a subclass of long GRBs, we also look at the valtleeadther time estimators
in the burst frame. In a previous work Vasquez[40], we alsmnghthat there was already
an ACF bimodality and in the present work we extended to therdemporal estimators.
The cosmological effect should work in the same way in alltdraporal parameters.
To confirm this trend, we applied the cosmological corrattimthe other time estimators,
Ts0 and go. To investage if they behave similarly to ACF, in figures 5&akdl 5.11 we
plot the temporal estimator and the distance in two energg®aThe three time estima-
tors have a similar position in the plots, the values of eddh®time estimator is longer
compared to the distance. We define a region of long-closestdua close burst should
have a redshift smaller than 1. To define a long temporalvateve suggest that the three
temporal estimators should have similarly large valuesmamed to the rest of the sample.
GRB060814, GRB070612A, GRB080916A and GRB090618 havedlues of their three
time estimators in these regions. GRB061007 has oglyiff 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 observé tia burst structure is composed
by emission and quiescent episodes. The large valuesgaiduld have origin during the
integration of the fluence in the quiescent episodes. Eatheofime estimators reflect a
specific temporal characteristic, then the 4 bursts havenmon the same time of engine
activity and same duration time. Usingglinstead of Bg is an advantage since the values
of Tgp could be enlarged by extended emission specially in X-randlja2].

5.4 Long-closer bursts

In this chapter we established strong dependence betwedhrée time estimators, and
we suggest that even there are measuring in different mantee interval, the measures
should be dilated in the same way by the Universe expansioardlation betweensp-tsg
and ACF-tp seems to be linear and energy independent. On the other harrélation
Ts0-ACF is not linear and varies with energy, but the Spearmaretation is strong in
both studied bands, so the relation should be exponerikalTihe use of the half values of
fluence and ACF avoided to miss-estimated the regions thid corresponds to soft X-ray
excess and the obtained values mainly reflect the most auttege of the prompt emission
that could be underlying the physical process to converkihetic energy into radiation.
We established that the bimodal distribution of the cosmicklly corrected ACF is also
present in the Swift GRBs with known redshift. We found 4 GRBat 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 ¢g=147s), GRB070612A (dh=361s), GRBO80916A
(Teo=61) and GRB090618 @h=114s) have a broader ACF, are closer and longer. We also
confirmed that §p and 9 behave as ACF when the values are cosmologically corrected
in the two energy bands, giving more support to the subclassng-closer bursts. At
high energy band the values are shorter but correlatesasignthan in low energy, that

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

but also in energy. The bimodality of long GRBs is also préserthe afterglow light
curves, Dainotti 2010[11] establishes using 77 bursts fewift, a subgroup of long bursts.
The canonical plateau breaking (exponential to power lamthe light curves correlates
between X-ray luminosity differently for two kind of aftdayvs, inferring possible different
explosion mechanisms between both types of long bursts. birhedality during in the
afterglow phase, could be originated in the promp emisstuasp since in our work the
evidence of two different types of long GRBs was put in evigen
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Chapter 6

Spectral properties of the Suzake-Swift
GRBs

In Chapter 5, we already found similarities between the w@nalpcharacteristics in the
candidates for a subclass of long GRBs. Those burst arell@mgleare closer than the rest
of long bursts. In this chapter we aim to find an spectral arefggncounterpart for the
proposed classification. We start showing the spectralnpaters of burst sample and we
look for any anomalies of the long burst in the peak energyisaglopic luminosity Lo
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 singas launched. The rapid
slew of this satellite permitted to measure the redshiftsnahy bursts, but the energy
range covered by the satellite is narrow, 15-150 keV. On therchand, Suzaku-WAM
instruments, have a broad range energy of operation (50-k6@) but no ability to deter-
mine positions, therefore no redshift measurements. Teerghtions of both satellites are
complementary, they gave the chance to work in a broad efenggt and also with redshift
information. The high energy region of bursts are detecte8ulrzaku and the soft counter-
part by Swift, which permit to determine the spectral shapthe burst in a energy range
between 15 to 5000 keV, revealing parameters such peakyetiawere no properly de-
termined using only one of these instruments. Neverthglbssimultaneous observations
of burst by Suzaku and Swift are quite rare. As we already raenthe present study has
a sample of 15 long GRBs with known z.
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GRB z a  Epeak [keV] S redy?/DOF

GRB060814 0.84 1.45002  292.93°% - 0.85/105
GRB060908 2.43 1.0%5) 14457353 - 1.0/75
GRB061007 126  0.8%0: 506.5'73 -3.7370 ., 1.21/97
GRB070508 0.82 1.I8°5  247.1337 - 0.81/90
GRB070612A 0.617 1.5¢1: 328.35%7%7° - 0.83/78
GRB071003 110 1.240° 2355.179227° - 1.05/89
GRB071010B 0.947 1.687: 44.7+59_75 - 0.80/77
GRB080319C 1.95 1.28303  575.7722%8 - 1.10/85
GRBO080413A 2.43 1.4875  227.137% - 1.37/76
GRB080916A 0.689 1.281  120.9507 - 1.03/97
GRB090424 0544 09912  298.3753 -2.697227 1.11/76
GRB090618 054 1.505  247.93131 - 0.44/77
GRB090812 2452 1.08%7  558.5715as - 0.45/69
GRB091127 0.49 2.14% - - 0.81/74
GRB100413A 3.90 0.981 593.073.5° - 1.22/94

Table 6.1: Best spectral fitted values for the Suzaku-Swift GRBS, theevaf § indicates that the
model corresponds to a GRB model. For the rest of the burstBlartodel was used except for
GRB091127 which fit values arise from a single power law.(galat 90%of confidence level)

6.1.1 Spectral Analysis

We perform the spectral analysis described in Chapter 4.r@idts are tabulated in table
6.1 and in table 6.2. We have computed the isotropic lumiigss(L; so) in the 1-10000 keV
cosmological rest-frame energy band and we assumed a stiasaamology with2,,=0.3,
QA=0.7 andHo=70 km s'Mpc~1 [23]. The values have are measured in a confidence
level of 90%.
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GRB Liso [10°%erg/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
GRBO070612A 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
GRBO080916A 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 Suna8wift GRBs

The tabulated values correspond to the best fit a cut off péave(CPL) normalized
to 100 keV (Eq. 4.1) or a Band model (Eq. 2.g)yalues indicate for which GRBs Band
model was used. Most of the GRBs present better statisttbsas PL model. GRB091127
is an outlier since this burst is in association with a supeanthe best statistics were found
using a single power as spectral model. For the rest of bthretphoton index on the low
energy power is distributed normally, the values are betwvike reported in other samples
[1]. Peak energies in table 6.1 are computed in observergram

6.2 Amatirelation test

A well established relation for GRBs with known redshift ietcorrelation between the
cosmological rest-frameF, spectrum peak energy and the isotropic-equivalent radliate
energy, known as Amati relation. This relation only holds flang GRBs but the inter-
pretation of this relation is still in discussion. The isggic energy depends on the energy
spectral shape of the burst, but there is no yet a defined niod€RBs. The relation
establishes thédkjs, dependence ok peak follows a power law, with index 2[2]. In order
to verify the Amati relation we used a set of 39 long GRBs fromahi work 2006[1]. The
chosen data corresponds to observations between 19972008 and the data we used
corresponds to observations between years 2006 until ZDi® whole sample covers 13
years of observations done by 5 different satellites. Inrédul the Amati relation is plot-
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Figure 6.1: Amati relation for Swift-Suzaku bursts (red), in black 39 B&from Amati 2000[1]

ted, the bursts from this work are shown in red and in blacls#tef 39 bursts from Amati
previous work [1]. There is no evident outliers, which susfgehet the analysis is correct
and inside the standard values. Amati relation mathemagiqaression is expressed as

follows.

Amati reported a power index value m=0.5F®.02 for the 39 long GRBSs, the sample
of 15 GRBs we used gave a power index m=0.528.02. Although both power index
valeus are not the same, the difference is not too signieatvhich susuggests that there
no miss-computations of the spectral values. The Spearardnaorrelation value of the
studied sample is 0.84 with a chance probability 02163, the obtained value of prob-
ability is above 5%, but below 1, we can say we are 95% confideott our analysis.
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Chapter 7
Combining time, energy and distance

All timescales of GRB variability are expected to show thieef of time dilatation, a
consequence of this cosmological effect is that distardgtbighould be brighter and short
compared with close burst that should dimmer and long. ThathiYonetoku like rela-
tions, already confirm that distant burst are brighter[1]e Wave estimated the duration
time of the emission of GRBs €f), the time intervals where the burst engine is in a high
state of activity (o) and the ACF-FWHM (ACF) of GRB which give an estimation of the
power of the emission in a given band and characterize tleenal structure of the bursts.
Now, we aim to investigate how the cosmological dilatatiffiects 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 aatediland redshifted in energy
[8]. It is necessary to apply the cosmological correctioninme and energy to determine
how distance, time and energy are modified. We compared the thme estimators in the
GRB frame with their isotropic luminosity. Assuming thak e timescales are modified
in the same way by the Universe expansion; if they have a samdeokorigin all the prop-
erties will be altered in the same way. Looking for anomaliest could be cosmological
effects, different types of phenomena or intrinsic effegescompared the time corrected
estimator with the isotropic luminosity. The bimodal dilstition of long GRBs established
by Borgonovo[6, 7], and confirmed previously, is a hint of théstence of an subclass of
long burst. To elucidate the nature of this bimodality we bamad the time estimators in
the rest frame with their corresponding isotropic lumirsin table 6.1 as a first attempt
we compare the distance which is given by the redshift, ane &stimator ¢) and the
isotropic luminosity (ko). In the sample of studied bursts, the subclass of long GRBs
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could by hidden in GRBs with a smat| they are longer or have low luminosities. If the
origin of the anomaly is non cosmological the time stretgrshould be different, then we
first look for longer bursts which are labeled (+) in table.7\¥e expect to detect a sim-
ilar time stretching and energy redshifting in three estor&awe calculate in both energy
bands. Just looking at the values of table 1, the 4 marked GRRBs smalk and the active
engine last longer and the energy is low.

GRB z | t50(50-150 keV) sed Lis, 10°%ergs
GRBO60814(+) | 0.84 23.50 0.072
GRB060908 | 2.43 5.10 0.761
GRB061007 1.26 17.00 1.930
GRBO0O70508 | 0.82 455 0.446
GRBO70612A(+)| 0.62 43.01 0.014
GRBO071003 1.1 11.80 0.817
GRB071010B | 0.95 1.26 0.110
GRB080319C | 1.95 4.88 1.510
GRBO080413A | 2.43 4.27 0.724
GRBO080916A(+)| 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 &RB

In table 7.2 we explore the correlation between each oneeofithe estimators in the
rest frame with the isotropic luminosity. The values of thenple as a whole do not show
any correlation at all, but when the candidates to be osthee removed a correlation be-
tween time and energy is evident. The correlation increage=n the energy is higher.
The plots of and |g, and Tsg are shown in figures 7.1 and 7.2, for ACksEand Lig in
Fig.7.3, 7.4 andsh-Ej s 7.5, 7.6 respectively. The better correlation is observedinthe
time of emission @p) and Lo, and becomes stronger in the 50-150 KeV band. The time
of emission give us a measure of periods of time where the GRje is more active, and
is directly connected with the nature of the phenomenon.dh sucrease in the correlation
is an evidence of the intermediate class of GRBs and give me $onts about a possible
different origin.

Nevertheless, the light curves of those outliers of thesct#dong GRBs have a stronger
emission at 15-50 keV Band. This fact is another physicatasttaristic of the third class
of GRBs.
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Estimator and band(KEV)) r P r(+) P(+)
Tso (15-50) -0.229| 0.68| 0.682| 7.8x1072
ACF (15-50) -114 | 0.76| 0.699| 5.0x1072
tso (15-50) 0.146 | 0.64| 0.643| 4.0x1072
Tso (50-150) -0.216| 0.73] 0.675| 3.5x1072
ACF (50-150) 0.180 | 0.75| 0.730| 4.6x107?2
tso (50-150) -0.05 | 0.78 0.786| 5.8x 1073

Table 7.2: Time estimators-ls, Spearman correlation coefficients (r) and chance prolbigsilP for
the whole sample (15 GRBSs), (r+) and (P+) are the correlata@ificients 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 barel] crosses represents the
long-dim bursts

7.2 Peak energy relation with time parameters

The Amati-Yonetoku relation gives us information about the parameters that come
from spectral analysis. In the previous section we juststigate the temporal properties
with the isotropic luminosity. Now we study the possibleat&ins between the peak en-
ergy parameters and each of the time estimators. We alreay 4 GRBs that behave
differently than the rest of the sample, in time and in enerfyythis section we verify
if GRB060814 ,GRB070612A, GRB080916A and GRB090618 alsm fa group sepa-
rate the peak energy in the burst frame is compared with ebttiedime estimators. We
proceed in a similar methodology as for time estimatggLWe compute the correlation
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Figure 7.2: Isotropic luminosity as a function of T50 in 50-150 keV banel]l crosses represents
the long-dim bursts

coefficients for the whole sample and for the sample withloe outliers candidates. The
values of the correlation coefficients are shown in table Ef3eak energy depends on the
distribution of relativistic velocity of leptons, so thesdould be an other kind of physical
process.

In general, the values of the correlations are smaller tbahifo. We should mention that
there is no possible correlation between ACF and Epeak,|tte for these two parameters
are shown in figures 7.9 and 7.10 where the time estimatoresjmond to the 50-150 keV
Band. Figures 7.7 and 7.8 show the correlation between EqadKsg in the soft and high
energy bands. The time estimator that correlates bettérkpeak isdg, and figures 7.10
and 7.11 shows in red the 4 outlier candidate GRBs.

The correlation betweegdand Epeak suggest that GRB060814 ,GRB070612A, GRBO80916A
and GRB090618 form a cluster in the region of longer bursvegwith a relative low peak
energy. That could be reflecting a different engine that meeck time with a less efficient
energy conversion. A similar interpretation could be aggblio the correlation betweenr,d
and Epeak althought but the statistics are still poor to canfiVe could associate the long
duration due to the time history composed by broad pulseghnduggest a long interac-
tion of the colliding shells considering a fireball model tihe appendix A, the light curves
of all the bursts are shown, and effectively these 4 GRBs laatimne history composed
by several broad pulses. The lack of correlation of ACF witkrgy suggest that this time
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Figure 7.3: Isotropic luminosity dependence with ACF in 50-150 keV hamed crosses represents
the long-dim bursts

estimator does not shows the average time of the physiceépso The ACF is more related
with the intrinsic properties that are accuring during thassion.

Average energy measurements of GRBs shows a strong carelsith the emision and
duratio time, and these time estimators are linearly depetydnd put in evidence the pres-
ence of a third class of GRBs. In this work we propose to cig$3RBs in the rest frame,
and we found among the standard long burst a types of GRBarhétss energetic, longer
and relatively close.

Estimator and band(KEV)) r P | r(+) P(+)
Tso (15-50) 0.11 | 0.68] 0.68| 5.0x1072
ACF (15-50) -0.01| 0.97| 0.44 0.18
t50 (15-50) 0.11 | 0.69| 0.56| 8.0x1072
Ts0 (50-150) 0.15|0.58] 0.61| 3.5x1072
ACF (50-150) 0.13 | 0.62]| 0.47 0.47
t50 (50-150) 0.24 | 0.38| 0.75| 2.0x1072

Table 7.3: Time estimators-E Spearman correlation coefficients (r) and chance prolvaisilP for
the whole sample (15 GRBSs), (r+) and (P+) are the correlata@ificients and chance probabilities

for sample without the long-dimm the bursts (11 GRBS)
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7.3 Long-near-dim bursts

Except for GRB091127 which is associated with a supernavaee is a strong evidence
of a clustering of bursts with large duration of the outbastivity and large active phase
of emission. This burst are outliers in the time estimateg-Blanes andsp-Epeak, Fo-
Epeak planes. The best correlation are between the time isbeEm of 50% of the total
fluence with Eiso (0.91) and Epeak (0.86) when the 4 burstearm®ved. The correlation is
stronger in the 50-150 keV band, where it is not expected ¥e kame miss-measurements
of some soft-X ray extended emission. The valuggfeflects the times intervals where the
engine of the GRB is in its more active phase, since there lisaa difference between the
4 outliers and the rest of the sample, we strongly suggesttteangine for the two class of
long burst are different, rurthermore the distance is atsarthen the progenitors should be
also different. The classification of GRBs in the rest franve gis more information about
the prompt emission origin, there are two kind of long burghwpecific temporal, spatial
and energy properties. In the GRB frame, long bursts can &&sifled in longer-near-
dim bursts and long-distant-bright bursts that seem to @bggsitive correlation. Normal
long burst behaves as is already expected, dim burst arerdos distant burst should be
brighter [8].
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Figure 7.8: Dependence of feax With Tsq in 50-50 keV band, long-near-dim burst are represented
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Chapter 8

Conclusions

8.1 Temporal estimators classification

Classification of GRBs has started since their first detagtlte standard method to classify
them is to compute the time of emission of the 90% of the tati@iifte Bo. The canonical
two classes of burst are long and short [15], neverthelesgisiah into 3 classes was re-
cently demonstrated by Horvath [24]. The last two mentiocledsification were done in
the observed frame. One of the most intriguing questions knbw if this classifications
are hidden some intrinsic properties due to cosmologidatesf. In 2007, Borgonovo[7]
shown that long GRBs have a bimodal distribution when the A&gosmologically cor-
rected, opening the possibility to classify GRBs in the festne. Following this idea,
we also found a similar bimodal distribution of long GRBs whbe ACF is computed
in the rest frame. Since we expect that cosmological diatatffect is the same for all
the timescales, we also extend the bimodality for otherg t@stimators: duration times
of outburst activity (o) and the time intervals where the engine is in the most active
phase @#p). There are 4 GRBs that in the time-distance plane, form grsuip. Long-near
burst and long-distant burst, seems to have differentmagid behavior. One of the most
obvious properties is that the redshift is relatively snwathout supernovae association,
that could give a hint of the possible different progenitthough to produce a fireball
the scenarios are quite restricted, specially the collapsalel need some low metallicity
environments]]. In the light curves, we also observed that there are somean trends,
the time history is composed by broad pulses that underb@gdr active phase.

The three chosen time estimators gave a different type @& iitervals measurement, but
a relation between them should be expected, we are measanmgpral parameters of the
same physical phenomenon. We established that the thiesasgsts are strongly corre-
lated and that there is a linear dependence betweendgfiglas well as ACF+y. The
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linearity of the dependence seems to be independent of #rgyera simililar correlation
values were obtained in the high energy band (50-150 ke\@. ddvantage of usingsg
instead of o is justified by the fact that gy could lead to a miss-measurement of the
duration due to some soft-extended emissions[12], GRB2O@hd GRB071010B shows
longer values of §p at 15-50 keV band because of the soft tail, as it is possibégpveci-
ate in the respective light curves.

Although we cannot establised a standard trend for the behafithe light curves in bands
higher than 150 keV, due to the gain dependence of WAM-Suirettument degradation,
there temporal values are shorter at the high band from BA&ift8etector.

8.2 Space-time and enegy evidence for a subclass of long
bursts

From the temporal analysis of 15 bursts detected simuliasigdy Swift and Suzaku with
known redshift, we already determine a subgroup of long GRB&Bs that are closer
and are longer in the rest frame seem to form a different tygerg burst. GRB060814
,GRB070612A, GRB080916A and GRB090618 have similar lightes, showing broad
pulses in their time histories. To investigate the couradnn energy, we performed a spec-
tral analysis using Swift-BAT and Suzaku-WAM instrumentdich are complementary,
and offer the unique possibility to have spectra from 15 t0®KeV. The combined spec-
tra from both observatories allows to compute with a rebadthtistics spectral parameters
such peak energy, isotropic energy and isotropic lumigosit

Universe expansion should redshift objets in energy aratalih time. We verified that all
the timescales we used obey the cosmological principle phesion. When they are cos-
mologically corrected, a classification of long GRBs int@tgroups is possible. ACFs and
peak energy are not correlated, but the time intervals ot mcts/e phase and the duration
emission time of the 50% of the total fluence are stronglyedated with peak energy and
the isotropic luminosity when the 4 long-near GRBs are sepged. The 4 bursts have a
longer temporal estimators and have a smaller isotropi¢riasities, so we could include
another restriction on energy to the long-near burst, theydanmer and its peak energy
also lays in the longegg and low Epeak quadrant.

The evidence of a subclass of GRBs is also present in thegmaegy planes, which rein-
force the possibility of different engine or progenitor I8RBs which have longer active
phase, they are dim and have a small redshift. Furthermsreyeamentioned in chap-
ter 5 a bimodality of long GRBs in the afterglow phase has beported which is in-
terpreted as possible difference of explosion mechanigmdasn both types of long bursts
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(Dainotti[11]). The classification of GRBs in the rest franmeseils more information about
the engine that powers the prompt emission of long burstsigsshort time estimators in
the 50% level, speciallyg which represents the time intervals of the most active phade
the counterpart in energy, give strong evidence to sugbastdang GRBs could have more
than one origin. The correlation betwegp with Epeak when the long-dim-close burst are
suppressed in the analysis, could reflect the differenclkdrigrmion’s velocities distribu-
tion, which maybe would be related to a different physicajiorof the two suggested class
of long GRBs. The classification of GRBs considering the aasgical expansion gives
more hints of the origin of burts, and uncover the informatiodden in the classification
in the observer frame. Nevertheless, the lack of redshieat®mn is still a restriction to
have large burst samples with confident statistical leviéisally, we found that the spec-
tral analysis reproduce the Amati relation which give toabéained results reliability. And
confirms that the Amati relation is almost independent fromgystematics effects.
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Appendix A

Light curves and spectra

Swift light curves in 15-50 keV and 50-150 keV bands. The sp@c corresponds to model
that fits better Suzaku and Swift data.
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Appendix B

Tgo values in two Swift energy bands

Burst Too [15-50 keV] | Tgo [50-150 keV]
GRB060814 | 146.1+ 4.1 1434+ 7.1
GRB060908 | 19.754+ 2.1 17.84 0.7
GRB061007 | 92.04 6.0 59.1+ 2.1
GRB070508 | 24.740.8 17.34 0.6

GRB070612A| 361.0+55.6 | 223.5+17.7
GRB071003 | 149.9+5.8 137.54+ 98.5
GRB071010B| 37.2+ 2.8 32.5+ 3.0
GRB080319C| 41.0+ 10.7 11.54+ 0.9
GRB080413A| 46.6+ 0.5 44.8+ 1.6
GRB080916A| 61.44 8.3 62.74+19.3
GRB090424 | 52.742.0 8.1+ 7.3
GRB090618 | 114.34+0.8 107.8+ 0.8
GRB090812 | 98.14+12.8 54.6+ 2.4
GRB091127 | 9.34+1.2 7.24+0.9
GRB100413A| 203.1+ 13.1 189+ 16.9
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Appendix C

Light curves from Suzaku

Suzaku light curves are shown in 4 energy bands THO, TH1, TiPTad3. In table 4.1,
the channel equivalence of the bands is available. In thetabke, the energy equivalence
is described. The energy range usually changes in flightusecaf the gain variation of
the photomultiplier tubes. Not all the burst were detectetigher energy bands. Due to
the limitation of the binning size of the light curves to 1 @ed and the low signal to noise
ratio; the temporal parameters could not be determined.niflveas possible to determine

Tso, the value is shown.

GRB

THO

TH1

TH2

TH3

GRB060814
GRB060908
GRB061007
GRBO070508
GRBO0O70612A
GRB071003
GRB071010B
GRB080319C
GRBO080413A
GRBO0O80916A
GRB090424
GRB090618
GRB090812
GRB091127

GRB100413A

107+ 40
90+ 19
130+ 20
95+ 36
99+ 37
123+ 18
120+ 19
125+ 25
125+ 24
115+ 40
120+ 42
96+ 22
140+ 22
123+ 43
147+ 23

227+ 80
186+ 40
229+ 79
203+ 72
210+ 73
216+ 74
214+ 75
200+ 57
225+ 80
237+ 81
248+ 85
228+ 110
267+ 105
254+ 87
260+ 90

489+ 181
486+ 178
436+ 160

456+ 166

432+ 172
480+ 122
5254+ 190
536+ 198
535+ 180
537+ 196
550+ 200

3204+ 2540
2900+ 2300

2810+ 2190

3050+ 2450

3520+ 2750

Table C.1: Energy equivalence for the light curves, the energy is esqaé in keV
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Appendix D

List of GRBs from Amati 2006

In the following table there is the list of bursts used to camepthe validity of the Am-
ati relation, the missions used correspond to BeppoSAX (BAETE-2(HET), KONUS
wind (KON) and Swift-BAT (BAT). Figure 11.1 shows the relatiestablished by Amati[1]

where the power law feak=95x E2? is represented by the solid line.
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Figure D.1: Amati correlation for 39 long GRBs and 2 XRF from Amati 200p6[1
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GRB Type z Epeak[keV] Eiso[1®&%erg] Instruments
970228 LONG 0.695 19564 1.86+0.14 SAX
970508 LONG 0.835 14543 0.710.15 SAX
970828 LONG 0.958 586117 34+4 BAT
971214 LONG 3.42 685133 24+3 SAX
980613 LONG 1.096 19489 0.68:0.11 SAX
080703 LONG 0.966 50864 8.3+0.8 BAT
990123 LONG 1.60 1724466P 266+43 SAX/BAT/KON
990506 LONG 1.30 67%156P  100+11 BAT/KON
990510 LONG 1.619 42842 20+3 SAX
990705 LONG 0.842 458139P  21+3 SAX/KON
990712 LONG 0.434 09815 0.78:0.15 SAX
991208 LONG 0.706 31831 25.9+2.1 KON
991216 LONG 1.02 648134® 78+8 BAT/KON
000131 LONG 4.50 98%416P 199+35 BAT/KON
000210 LONG 0.846 75826 17.3:t1.9 KON
000418 LONG 1.12 28421 10.6+2.0 KON
000911 LONG 1.06 1856371© 78+16 KON
000926 LONG 2.07 31820 31.4+6.8 KON
010222 LONG 1.48 76630 94+10 KON
010921 LONG 0.450 12826 1.10+0.11 HET
011211 LONG 2.14 18624 6.3:0.7 SAX
020124 LONG 3.20 4481489 31+3 HET/KON
020813 LONG 1.25 599151® 76+19® HET/KON
020819b LONG 0.410 7821 0.79:0.20 HET
021004 LONG 2.30 266117 3.8:0.5 HET
021211 LONG 1.01 12520 1.3+0.15 HET/KON
030226 LONG 1.98 28866 14+1.5 HET
030328 LONG 1.52 32855 43+4 HET/KON
030329 LONG 0.17 10823 1.740.3® HET/KON
030429 LONG 2.65 12826 2.50+0.30 HET
040924 LONG 0.859 102350 1.14+0.12 HET/KON
041006 LONG 0.716 9820 3.5+1.0 HET
050318 LONG 1.44 115825 2.55+0.18 SWI
050401 LONG 2.90 46%110 4H-8 KON
050525 LONG 0.606 12710 3.39+0.17 SWI
050603 LONG 2.821 1338107  70t5 KON
050922¢ LONG 2.198 415111 6.12.0 HET
051022 LONG 0.80 7542589 63+6 HET/KON
051109 LONG 2.346 538200 7.5:0.8 KON
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