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ABSTRACT. We studied the subset of optical light curves of gamma-ray bursts with measured redshifts
and well-sampled R band data that have clearly detected peaks. Among 43 such events, 11 are prompt
optical peaks (P), coincident with gamma-ray activity, 22 are purely afterglows (A), and 10 more carry
the signatures of an underlying activity (A(U)). We studied pair correlations of their gamma-ray and
optical parameters, e.g. total energetics, peak optical luminosities, and durations. The main outcome
of our study is the detection of source frame correlations between both optical peak luminosity and
total energy and the redshift for classes A and A(U), and the absence of such a correlation for class P
events. This result seems to provide evidence of the cosmological evolution of a medium around the
burst defining class A and A(U) energetics, and the absence of cosmological evolution of the internal
properties of GRB engines. We also discuss some other prominent correlations.
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1. INTRODUCTION

The very first time when optical afterglows of GRBs
were observed, it was immediately obvious that these
phenomena are no mere extinguishing of the energy
that powered GRBs, but rather, that they represent
a vast wealth of physical phenomena that are not yet
fully understood.

The aim of our work is to develop a statistical anal-
ysis of the prominent optical peaks that characterize
several GRBs in the early stage of their emission.
These are important for a study of the properties of
the interstellar medium over a wide range of distances,
and of the physical mechanisms operating during the
transition phases between internal /external shock.

With this purpose in mind, we discuss the selection
criteria and the classification scheme for the GRB
sample with a well-measured optical peak. We study
the correlations of pairs of parameters of these GRBs,
and define possible directions for future work.

We adopt the concordance ACDM cosmology with
Qv =03, Qx4 =0.7, and Hy = 70kms™' Mpc™!.

2. METHOD AND CLASSIFICATION

We gathered all available GRBs with measured red-
shifts z and well sampled optical light curves that
present a clear peak or peaks during its evolution (over
the period from February 28, 1997 until February 28,
2011).

Subsequently, the entire optical peak sample was
divided into sub-groups that took into account the

main characteristics of the contemporaneous emissions
at higher energies. In particular, we were interested in
comparing the rising phases of optical emission with
simultaneous behaviour at gamma-ray wavelengths,
as observed by space-borne telescopes.

This operational classification leads to the division
of our sample into three main sub-groups.

e P: optical peaks arise during the main phases of
the prompt gamma-ray emission; we will refer to
these as prompt optical emission.

e A(U): there is still some residual underlying
gamma-ray activity simultaneously with the for-
mation of the optical peak.

e A: no significant gamma-ray activity is seen simul-
taneously with the onset of the optical peak

e P?: events that may not be unambiguously clas-
sified either as A(U) or as P. Three of the P?
objects fall into the A (U)-populated regions of the
correlation plots. We also use P-3 notation to refer
to all prompt events except P? events.

The observed optical peak flux F,; was obtained
using the calibration of [I]

Fopy = 1568 - (2.15- 1077 - 107%4™8) ergem ™25~ !
(1)
and was then corrected for galactic extinction (based
on the map of [2]) and for the brightness of the host
galaxy (if this value is available). For the bursts whose
the spectral index 8 and the host galaxy extinction
Apost are not yet available, we assumed § = 0.75 and
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the mean value of Apqst measured in the correspond-
ing ranges of the redshifts. Namely, the Aps data
collected in the golden sample presented in [3] were
divided into five redshift ranges and for each distance
interval the corresponding average value of A, was
obtained.

The isotropic equivalent luminosity Lopt of the op-
tical peak is related to the peak optical flux F,p¢ by

Lopy = 4””0pt(Z)D12(Z)F0ptv (2)

where D;(z) is the luminosity distance for the standard
cosmological model and Kopy(2) is the cosmological k-
correction that takes into account the transformation
of the R passband to the proper GRB rest frame:

Illfi I/Rl 1
Ropt = (/ V_Bdl/)/(/ Z/_Bdl/> = m,
vRg vRg

¥z
(3)

Here, vRy and vR; are the frequency boundaries
of the R band and S is the power-law index of the
optical spectrum F, oc v=5.

The optical fluence S,pt was determined by numer-
ical integration of the afterglow light curve over the
interval from the earliest observation to the latest
observation with a power-law interpolation of the flux
F(t) in the segments between the observational points.
Since only a part of the optical afterglow light curve
may be recorded in practice, this quantity is actually
only a lower limit for the fluence.

The isotropic equivalent of the total optical energy
in the R band E,p; in the rest frame of the source
was determined from the optical fluence S, using
the relation:

AT Kopt (Z)Dl2 (2)Sopt

E =
opt 1+ =z

(4)

Below is a list of quantities we use to characterize
the GRBs.

The duration of the burst until the emission of 90 %
of its energy, topt; the delay of the maximal optical
flux after the gamma-ray trigger, tpcak; the width
of the optical peak on the 10 % from the maximum,
twiath- These quantities are converted to the comoving
frame by dividing by (1 + z), in the same way as the
total fluences in the optical and gamma ranges (.5,
and Sopy) are converted to the rest frame energies
Eiso and Egp¢, also taking into account the kappa-
correction. The shape of the optical light curves is
characterized by the power-law indices of the rise
before the peak and decay after the peak, a, and
aq. The peak optical and gamma light curve values
are characterized by the fluxes F, and Fop, and also
by the rest frame isotropic equivalent luminosities
Liso and Lgp. Finally, the gamma-ray spectrum is
characterized by the photon index « .

To measure the relations between different parame-
ters we use unweighted Pearson correlation coefficient

6

R, computed for the logarithms of all quantities. The
significances of these estimates are computed using

bt : _ pon3
Student’ t-distribution for the quantity T'= R A

where n is the sample size.

3. RESULTS

Table 1 lists all the pair correlations for various classes
of optical companions with correlation coefficients
greater than 0.5 and significances better than 1%.

We found a strong correlation between the peak op-
tical luminosity and the redshift for all object classes
except for the prompt class (see the lower right panel
of Figure [1)). There Is a less obvious, but still sig-
nificant, correlation of the optical energetics and the
redshift. This may provide evidence for the cosmo-
logical evolution of interstellar medium parameters
in regions around the progenitors of long gamma-ray
bursts.

We detected significant connections between ener-
gies and peak luminosities, both in the gamma-ray
range and in optical range, for all classes of objects
(see the upper row of panels in Figure [1)), and also
between the optical energetics and the peak luminosi-
ties and energetics in gamma-rays. It is worth noting
that in the latter cases the characteristics of these
connections are similar in all classes. This suggests
similar jet opening angles in gamma-ray and optical
emission regions. In Table 2, we show the parameters
of linear fits of quantities whose correlation coefficients
are shown in bold in Table 1.

A detailed discussion of all detected correlations
will be performed in the future.

4. CONCLUSIONS

Monitoring of robotic telescopes has helped us to
understand some characteristics of optical emissions;
from the region of peak formation, the gamma-ray
emission can proceed in coincidence with the optical
luminosity (P), can be extinguished (A), or can carry
the remnants of an underlying activity (A(U)). In
the case of A or A(U), the peak events that arise
when prompt gamma-ray emission is completely extin-
guished appear to carry the signatures of the circum-
burst environment at different cosmological epochs. In
the P type, the optical luminosity of the peak — coin-
ciding with a major activity of the prompt gamma-ray
emission — seems to deviate from any cosmological
evolution trend. This fact provides independent con-
firmation that the prompt physical mechanisms are
independent of their location in the Universe. How-
ever, the mechanisms of the prompt optical emission
are still unclear; with the exception of a few rare cases,
the morphology of these peaks is complex and poorly
re-sampled.
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TABLE 1. Pair correlation coefficients for rest frame parameters. Those shown in bold have correlation coefficients
greater than 0.5 and significance better than 1%. 1: P, 2: A, 3: A(U), 4: P+A+A(U), 5: A(U)+A, 6: P-3, 7:
[A(U)+3]+A
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FIGURE 1. Scatter plots of pair correlations between various parameters.
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TABLE 2. Pair correlations for various classes of optical companions with correlation coefficients greater than 0.5 and
significances less than 1%. Four columns are linear regression (a + b - ) coefficients, derived through unweighted

least squares. The stars mark the log-linear correlations, in contrast to the log-log correlations used otherwise.
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