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Naked-Eye Burst is the only event observed in optical andngasray ranges simultaneously
with sufficiently high temporal resolution. This opens wg®dented possibilities for testing
various models of both emission generation and the centigihe behaviour during the burst.
The temporal properties observed, along with tight optizglamma relation, suggest the intrinsic
periodicity of internal engine, which is supposedly a nemtxiellar-mass black hole surrounded
by an unstable precessing massive accretion disk.
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Naked-Eye Burst fast optical variability
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Figure 1. The development of prompt optical emission from GRB080349keen by TORTORA camera.
Sums of 10 consecutive frames with 1.3 s effective exposareshown for the gamma-ray trigger time
(T =0 s), the maximum brightness time during the first pebk=(20.5 s), two middle-part moment3 (=
26.4 s andT = 28.4 s), at the last peald (= 36 s) and during early afterglol (= 80 s) stages. Image size
is 2.5 x 2.5 degrees. The third and fourth images displayrdedd star profiles as during this time (since
T+ 24 s till T+ 31 s) REM robotic telescope (which has TORTORA camera mauotetop) repointed
after receiving the burst information from Swift. Initigllburst position was on the edge of field of view, as
a result of repointing it moved to the center of field of vievhigh resulted in better data quality.

March 19 and 20, 2008 became the most fruitful days for wide-field mangmystems
around the world. It brought up 5 GRBs in a row, all within 24 hours,afivehich, GRBOBO3193E6],
is the brightest ever seen in gamma-rays and optical range, and theéinst be detected by mon-
itoring systems. Its field of view had been images before, during and aéegatinma event by “Pi
of the Sky”, RAPTOR Q and TORTORJ[8] cameras.

We observed the region of GRB080319B[16] from 30 minutes beforgitger timeT, until
several tens of minutes aftdi] [8], with TORTORA wide field (24x32 degregonitoring camera
(temporal resolution 0.13 §) [14] mounted on the REM telescope at La SillieJCAfter receiving
the coordinates of GRB 080319B communicated by the Swift satellite, the positibe burst was
moved from the edge of the TORTORA field of view towards its centre. TosrdromT + 24.5
still T+ 31 s the REM telescope performed an automatic repointing.

The acquired data were processed by the standard TORTORA pipellodingeCCD read-
out, dark noise subtraction and flat-fielding. The reduction were peddrby a customary code
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Figure2: The light curve of GRB080319B acquired by TORTORA wide-fiedonera (lower middle panel).
The gamma-emission, presented for comparison in uppet,saded afl ~ —4 s and faded af ~ 57 s.

accomplishing circular aperture photometry and then verified by IRAF DAOP code, except
the data acquired during the REM repointing. Over that period of time, thettangl nearby stars
images are stretched up to 5 times on the time scale of a single exposure due tditmeofriine
field of view. To compensate the corresponding decrease of the signalge ratio, we performed
the summation of sets of 10 non-overlapping frames, spatially shifting themntiparsate the
motion of the telescope and to obtain profiles of the trails with a signal-to-ndisenesarly equal
to one in other intervals of the light curve (see Figgre 2).

We clearly detected the transient optical emission since approximately 1Qdseatier the
trigger. It then displayed fast t* rise, peaked af ~ 5.5™, demonstrated 1.5-2 times variations on
a several seconds time scale and decayedtad-® until went below TORTORA detection limit at
about hundred seconds since trigger. The gamma emission itself end&t aeéond.

The light curve clearly shows four peaks with similar amplitudes, duratiodshapes. We
stress that distances between peaks are nearly the same within the amtbese around 8.5 s
in observer frame, which corresponds to 4.4 s in the rest frame at ZZOB3ver density spec-
trum of the light curve plateau phase also shows the feature on themumdisg frequency with
significance ofp = 3-10-° (see left panel of Figurg 4).

Power spectral analysis of different sub-intervals of the burstatedethe signature of a peri-
odic intensity variations during the last peak, sifce 40 s till T + 50 s, with the significance of
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Figure 3: Cross-correlation of the Swift-BAT gamma-ray (data frorhalergy channels with 64 ms
temporal resolution) and TORTORA (data with 0.13 s and 1.8s®lution) optical fluxes for the main
(plateau) phase of the burst emission. Also, the TORTORAcabtiux shifted back 2 seconds along with
correspondingly rebinned Swift-BAT gamma-ray flux. Gamrag-curve is arbitrarily scaled and shifted for
illustrative purposes.
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Figure4: (a) Power density spectrum of plateau phase (sihe€l4 s till T +49 s) of the Naked-Eye Burst
optical light curve with linear trend removed. (b) Power signspectrum of the same interval of bright
nearby star light curve. (c) Optical flux forTa+ 40 s —T + 50 s interval (last peak) with the approximation
shown in right panel of Figure 2subtracted. (d) Power dgrsgiectrum of these data.
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p=2.4-10"°, amplitude of 9% and the period of 1.13 s (see right panel of FiQure 4pthr in-
tervals of the light curve show any variability in 0.1-3.5 Hz (0.3-10 s) ramje power exceeding
15% before and 10% after the REM repointing. Neither comparison statzackground display
any similar periodic feature during either the whole time interval or the last. peak

To compare the temporal structure of optical and gamma-ray light curvemerermed the
cross-correlation analysis, using the plateau phase only, excludinggharfd last 12 seconds of
the burst both in optical and in gamma, which are obviously highly corre@ite@ihe correlation
of low-resolution data is as high as 0.§2+ 5-10~’) when optical light curve is shifted 2 seconds
back. Correspondingly rebinned gamma-ray data demonstrate the samreefoly equidistant
peaks as optical ones (see Figfire 3).

This is the first detection of a close relation between the temporal structutes aptical and
gamma-ray prompt emission. In our case, the gamma-ray burst itself peettedoptical flash by
two seconds. This feature, along with the periodicities we detected, har@massphysical impli-
cations for the models of the event, as they clearly contrgdict [3] the peabemission generation
mechanisms based on various kinds of interactions between a single enséraldetrons and
photons they generate — synchrotron or inverse Compton priefs [1H], 1#8e model of two inter-
nal shocks, forward and reverge|[19], and a relativistic turbuleradel [$]. On the other hand, the
fast rise and the similarity of durations of all four optical flashes rule autxernal shock (both
forward and reverse) as a source of optical emisgidn [21].

Two internal shock models have also been proposed, in which opticagjantha-ray flashes
are generated by a synchrotron mechanism in different parts of tha ejéloe larger the photon
energy, the closer it to the central engine. These models are the resadligibns model [[1]1]
and the model with significant input of neutron componght [6]. In theseaios, the gamma
emission is produced at a distance of 400" cm from the center due to the electron heating
caused by shock waves of colliding proton shells. In the former model abpti@anta are generated
in an optically thin plasma during the collisions of “residual” shells (each slefigthe result
of the merging between a large number of thinner "original" shells), fat@® cm) from the
central engine[[J1]. In the latter model, the optical emission is generatee [eyetttrons produced
in B-decay of neutrons, which may reach a distanc&ef 10'® cm without interactions with
other components of the ejecta. The decay products, protons and edeatodide with faster
proton shells ejected later, producing secondary internal shocks Wwbathhe electrons generating
synchrotron optical emission. Both models easily explain the two-second dietzrved in the
optical light curve, as well as its general smoothness on 0.1-1 s time scatstiast to high level
of stochastic variability in the gamma-ray emissipr] [12]. On the other handrélae¢ djfference of
Naked-Eye Burst optical and gamma-ray fluxes/€, ~ 10%) [[[7] is more naturally explained in
a neutron-rich mode[]6]. As a matter of fact, a large amount of neutromsagoidable in bright
gamma-ray bursts like GRB080319B [4] 15]. This model, therefore, feraigle, and our results
may be a strong evidence of the existence of a significant neutron comntportiee ejecta.

In brief, we conclude that optical and gamma emission of Naked-Eye Biar& generated
at different distances from the central engine. Such conclusion igetdionsequence of the de-
tected similarity of shifted optical and gamma-ray light curves. Such similaritgrtggneither on
particular mechanisms of conversion of mechanical to internal electrogyemer on the emission
mechanisms. Moreover, this effect can not be caused by the densigjogity variations inside
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the ejecta, such as those already observed on a time scale of severdlrteénstes in afterglows

of other gamma-ray burstf [, 1]. Obviously, it would be impossible for¢taivistic ejecta itself

to display similar structures and dynamics, especially periodic behaviouesjions separated by
106 cm. Therefore, we have to conclude that these variations have the sagge-caamely, the
cyclic variations of internal engine activity (each flash of the light cumeeasponds to one of its
four episodes).

The detected non-stationarity of the ejection flow can be a result of ntorstey accretion

due to periodically triggered gravitational instabilify][13] in the hot inner phrone solar mass
hyperaccreting disk, around a black hole with a mass of about threersakses, formed in the
collapse of a massive stdr [18] 20].
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