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We examine a sample of 47 Swift/UVOT long Gamma-ray Burditligurves. Using the rest-
frame light curves we find a correlation between the loganithiuminosity determined at 200s,
log Logos and average decay rate measured from 200s onwardsgs The Spearman rank coef-
ficient for the correlation is -0.54 at a probability of 999893.90). We find the log lagos— a~200s
correlation to be an intrinsic property of long GRBs and dgscthree potential causes. Of these
three scenarios, we are able to exclude the correlationsastirey naturally from the standard
afterglow model. However, we cannot presently exclude stirdjuish between the other two
possibilities. The first scenario is that there is some ptypef the central engine, outflow or
external medium that affects the rate of energy releasedh auvay that the bright afterglows
release their energy more quickly than the fainter aftevgloAlternatively the correlation may
be produced by variation of the observers viewing angld) wiiservers at large viewing angles
observing fainter and slower light curves.
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Figure 1: Luminosity light curves of 56 GRBs at 1600A. For clarity the @pper limits are not included.

1. Introduction

With over 600 Gamma-ray Bursts (GRBs) detectedSwift [fll, we now have a sample of
IR/optical/UV light curves large enough to begin probing the characterisfitse afterglow at
these frequencies and from which we can start to understand, frowptieal perspective, the
afterglow emission mechanisms and the structure of the emitting outflow. In @@Q®rformed a
statistical analysis on a small sample of 26 optical GRB light cuffjes [2] frtiaiwwe unearthed
a correlation between the observetdand magnitude at 400s and the average UVOT light curve
decay rate determined from 500s. However, to have implications on oerstadding of GRBs
this correlation must be observed in the rest frame. Using this sample we feistedequivalent
rest frame correlation, but this could not be confirmed or excludedtaltree small sample size.
Here we use a larger sample of 47 high quality long GRB UVOT light curves-examine if there
is a correlation between optical/UV afterglow intrinsic brightness and lightecdecay rate.

2. Sample Selection

Using the second UVOT GRB catalogy¢ [3], we have collated a sample of i&9cligves,
which were selected by the criteria given [1h [2]: the optical/UV light curvestave a peak
UVOT v-band magnitude 0&17.89 (equivalent to>1 count s!), UVOT must have observed
within the first 400s until at least 26 after the BAT trigger and the colour of the afterglows must
not evolve significantly with time, meaning that at no stage should the light énanvea single filter
significantly deviate from any other filter light curve when normalized tostfiker. These criteria
ensure that a high signal-to-noise (SN) light curve, covering both @adylate time evolution,
could be constructed from the UVOT multi-filter observations using the metived by [2]. The
main steps of this method were to normalize the multi-filter light curves te fiieer and then to
group them together using a binsize/f't = 0.2. The requirement for no strong colour evolution
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Figure 2: Luminosity at 200s versus average decay determined frofuthi@osity light curves after 200s.
The red solid line shows the best fit regression and the grettedddashed line represents the @eviation.

ensures that when the multi-filters are normalized tovtfiker, the data from the different filters
can then be treated as being equivalent touvirand and co-added. Two GRBs in particular fit
the selection criteria, but were excluded as they were considered tcstiaag colour evolution:
GRB060218, GRB100814A.

Luminosity light curves were produced for 56 GRBs that had spectpis@r photometric
redshifts and for which the host E(B-V) values could be determined. ©&#ample of 69 light
curves, 15 did not have spectroscopic or photometric redshifts avaitattie literature. For 2 of
these GRBs we were able to derive photometric redshifts from joint XRDU®pectral Energy
Distributions (SEDs), following the method ¢ [4¢= 1.2+ 0.1 for GRB 060510A an@d = 3.1+
0.1 for GRB 090401B. The single filter count rate light curves were caedeto luminosity at a
common restframe wavelength of 1600A, and were corrected for botlti@adad host extinction.
The host extinction was calculated from the hagvalues reported inf]5]. For those not reported
in [E], we used the same method to determine the Apst

3. Results

The luminosity light curves at 1600 A, in units of erg'sHz 1, are given in Figur¢]1. The
light curves are clustered in a single group. They appear to have tlestiaenge in luminosity at
the earliest epochs, which becomes narrower as the light curves dédsguggests that the most
luminous GRBs decay the quickest, while the less luminous GRBs decay moig. sloverder
to test for a correlation between intrinsic brightness and decay rate, terardeed the logarithm
of the brightness at 200s, logdes by fitting a spline function to the data between 100 and 2000s
and fit a single power law to the light curves from 200s onwards in ordgetermine the average
decay rateq-,q0s For this analysis, we wish only to determine the average rate of decay we d
not remove flares or try to account for breaks in the light curve, bottho¢h may add dispersion
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into the correlation. We exclude a further 9 GRBs for which the errors erdétay index were
greater than 3 times the mean decay error for the sample as a whole or farthérie were too few
data points between 100 and 2000s to constrain the luminosity at 200s. Sttengevalues for
log Looosanda-posare shown in Fig[]2. A Spearman Rank test of Iegosagainsta-»os gives
a correlation coefficient of -0.54 and a probability of correlation of 9%49.90). This indicates
that the two parameters are statistically correlated and confirming our aliserthat the more
luminous optical/UV afterglows decay more quickly than the lower luminosity ones.

We examined if the correlation was a result of the selection criteria by peirigra Monte
Carlo simulation using % 1P trials. For each trial, we simulated a random distribution of 47
pairs of log Lhgpsanda-opos FOr each pair, we calculated the observed frame light curve, using the
values of log lxpgpsanda-200s and randomized parameters for redshift, extinction and k-correction.
If the resulting observed frame light curve did not meet our selection ieritee discarded the
log Logos— a~200sdata point from the simulated distribution and drew a new pair of values until the
selection criteria was met. Once the 47 valid pairs of leghtanda-.»qosvalues had been verified,
we ran a Spearman Rank correlation on the remaining distribution. We ezttnd correlation
coefficient and repeated this for each of the 50 trials.

There are only 18 trials that have a correlation coefficient, equal to @ratidg a stronger
correlation than that found for the original logdes— 02005 COrrelation. This indicates that the
correlation is not due to our choice of selection criteria@tédnfidence and therefore implies that
the log Lygos— a=200scorrelation is an intrinsic property of long GRBs.

4. Discussion

Using 47 optical/UV light curves, we have found a significant correlatietwben optical
afterglow luminosity and average decay rate and determined that is an inpiogierty of long
GRBs. This correlation appears to be universal for all optical/UV ligitesiin our sample. We
shall now examine three ways to produce a correlation betweenlpgdnd d-200s

4.1 Basic GRB Afterglow Model

A correlation between logdgosand d-200s may be a natural result of the jet interacting with
the external medium, which produces synchrotron emission, and whidbgele luminosity to
a by L OtvB, wheref is the spectral index. In this model, the temporal and spectral indices
are related linearly to each other by a set of closure relations|{e.g [8e log Looos— 0=200s
correlation is simply a result of this afterglow model, then we must examine twragos to
determine if this is the case. In the most basic scenario, the optical lights;dioveall GRBs, are
produced from the same spectral regime, implying that the optical aftergi@ysoduced from the
same spectral segment and have the same density profile. If this weradhtbea a single closure
relation would describe the relationship betweemnd 8 and we should expect to see a linear
correlation between these two parameters and a correlation betweespdegrid3. However, we
can exclude this scenario as we do not observe either of these conelatiBig. [B. Moreover,
it is unlikely that all optical afterglows are produced by the same speegahe. In the second
scenario, we consider the optical afterglows to be produced by multiptérapeegimes. In Fig/]3
we display the relationship betweenand 3, given by the closure relations, for three most likely
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Figure 3: Optical/UV temporal and spectral indices for the 47 GRBse Tihes represent the 3 closure
relations that most likely describe the optical afterglowscolour scale represents the range in 13gds
No relationship is observed between luminosity and thetspldndex, nor temporal and spectral index.

spectral regimes. In this more complex scenario, if the lagd— a-2osrelation is a natural result
of the standard afterglow model, we should expect to see clustering ofrttiedsities around a
given closure relation, but again we do not observe this in fig. 3. Weekclsde the standard
afterglow model as the cause of the correlation.

4.2 Complex GRB Afterglow Model

The standard model is likely to be more complex than we assumed in the presaionsand
there may be some mechanism or parameter that regulates the energyire(@B&afterglows,
depending on the rate of decay. This would be controlled in such a way thatnergy is released
quickly the result is a bright-fast decaying afterglow, while if the energglisased more slowly a
fainter-slower decaying afterglow is observed. One possible way tbateghis could be continued
energy injection. For instance, if the central engine does not releaseeitgyeall in one go, but
releases it over a much longer duration, then we may expect faint - sl@ebythg afterglow.

4.3 Off-axis and Structured Outflows

Alternatively, the logos— O~ 200sCOrrelation may instead be a geometric effect resulting from a
range in viewing angleéfops In this scenario, the faint-slowly decaying optical afterglows would be
those observed at the largest angles, while the bright-fast decayingligies would be observed
within the outflow (e.g [[7[]6]). [[6] show, in their Fig. 3., that, for a jet with wmif velocity
distribution, an off-axis observer, ifys/ Ojet > 1, Wherebje; is the jet opening angle, will observe
a shallower decay and observe the afterglow to be less luminous in conmptarise observer who
is observing closer to the edge of the jet,l48s/ Bjet ~ 1. This effect should be observed for both
constant density and wind-like external media. This model is more complexidtsied outflows
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are considered. In this scenario, the off-axis viewers will obserbakliosver and fainter light curve
in comparison with on-axis observers, just like for the isotropic jet, but émeergence time and
the range of light curve decays will vary, depending on how the enstdjgtributed within the jet.

5. Conclusions

We have computed luminosity light curves at 1600A for a sample of 47 opticalBRB
afterglows and find a correlation between luminosity at 200s and avessgy date determined
from 200s onwards with a significance of 99.99% (8.9 We determine using a Monte Carlo
simulation that this is an intrinsic property of the optical afterglows of GRBsgh#etwo possible
causes. The first may be that there is an intrinsic mechanism or physaaitguhat controls how
quickly the energy is released, such that bright, fast-decaying aftesgkiease their energy more
quickly than faint, slow-decaying afterglows. Alternatively, the energglisased at a similar rate
in all afterglows, but we are observing the jets over a wide range of ausgl¢he fainter, slower-
decaying afterglows are viewed at larger angles than the brighter-thestaying afterglows.

Understanding the origin of this correlation will have important conseggenn our under-
standing of the physics and geometry behind these GRBs. In addition fuitber investigation
and inclusion of a larger sample, we may be able to use this correlation te dedependent
constraints on the redshift of GRBs using only the decay rate of the opfteadjlow.
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