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We present observations of GRB 130831A and its afterglowinbt withSwift Chandra and
multiple ground-based observatories. This burst showsrmemamon drop in the X-ray light
curve at about 10s after the trigger, with a decay slope @% ~ 7. The standard Forward
Shock (FS) model offers no explanation for such a behavlastead, a model in which a newly
born magnetar outflow powers the early X-ray emission is fbtibe more viable. After the
drop, the X-ray afterglow resumes its decay with a slope aittaristic of FS emission. The
optical emission, on the other hand, displays no clear baeadss the X-ray drop and its decay
is consistent with that of the late X-rays; we thus beliewa the optical and late X-ray emission
are both FS. We model our data to derive the kinetic energyeoéjecta and, in conjunction with
the study of SN 2013fu associated with GRB 130831A, we wotkanthe first time the energy
break-down of a supernova with a central engine into noativéstic ejecta, relativistic ejecta that
power the afterglow, and emission from the magnetar outflow.

Swift: 10 Years of Discovery,
2-5 December 2014
La Sapienza University, Rome, Italy

*Speaker.
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1. Observations and results of data analysis.

The prompt emission of long GRB 130831A was detecte®wyft BAT and Konus— Wind;

its fluence (20-10000 keV) of.8 x 10~ erg cn1? at redshift z=0.48 [1] corresponds to an emit-
ted energy of 1L x 10°2 erg. Swift X-ray and UV/optical Telescopes (XRT, UVOT), SKYNET,
RATIR, ISON, NOT, and GTC observed GRB 130831A uptd 0’ s after the trigger, covering
the emission of SN 2013fu associated with this event [2]. SENdVOIR observations span the
range 160-1800 nm. In this work, we focus on the afterglowssion. At 16 s after the trigger,
the X-ray light-curve begins a much faster dec@&handraDDT observations (Pl: De Pasquale)
were carried out at +17 and +33 days, yielding 8 countsa{sldtection) and 1 count, respectively.
Fig 1 shows the X-ray and UVOIR light-curves (LCs). We use ¢bavention that flux density
F Ot %v—B: tis time from trigger and’ the frequency.

1.1 X-ray and UVOIR light-curves

We fit the X-ray LC with a power-law + broken power-law + powaw model, which yields an
acceptableg?/dof = 51/48. The steep break occurs at@*_Egjg ks, and the slope of the preceding
slow decay isx, = 0.80795 . The 0.3-10 keV luminosity at 10 ks in the cosmological restie
is ~ 10% erg s'1. The latest power-law slope is artificially shallow, to ab@in initial excessive
flux. Thus, we fit the LC from 100 ks with a power-law + power-lavedel, obtaining a reasonable
x?/dof = 2.4/3. The slopes aras = 6.8722 (30 lower limit: 3.9), a4 = 1.1179:33.

The early optical afterglow shows a flare followed by a plateat ~ 5 ks, a steeper decay begins.
Optical data before 15 ks show deviations from a power-lavagend were not used for the fit.
We fit ther’, i’ and Rc-band LCs, since we have measurements of the host galaxynflthese
filters, and we exclude the optical data between 230 ks and # #id the contribution from SN
2013fu. The weighted average of the decay slopes in these bands istopt = 1.58+0.03. The
LCs in the other filters are consistent with a simple power-decay with this slope. No optical
slope change is detected at the time of the X-ray flux drop.

1.2 Spectral energy distribution (SED)

The spectral energy distribution at 173 ks (Fig 2 bottonigrahe end of the steep X-ray decay,
was fitted by a simple power-law with spectral ing&y = 1.03+0.05. We extrapolated the same
fit model to 80 ks (Fig 2 top), i.e. before the steep X-ray brdgkmultiplying the normalization
factor by(173/80)°8 and find that this extrapolation severely underestimateXthay flux. This
result points to a different origin for the X-ray flux befofeetsteep break.

2. Discussion

2.1 Origin of the emission: Forward Shock (FS) and internal dissipation components

In the FS model, the steepest decawis: p, wherep is the index of the power-law energy
distribution of radiating electrons. Howevery 7 is not predicted. Instead, after the 100 ks drop,
the X-ray flux decay is consistent with the optical oag,: = 1.58. The SED at 173 ks fits the two
bands with a single power-law. All of this points to a commaigio for the late emission in the
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two bands. The FS model predicts that, in a constant dengtlium and below the synchrotron
cooling frequency, the flux decay rateds= 3/2f3; this is consistent with the observed values
within 1a. We find that other cases are excluded. We conclude that theXeaay emission is
produced by some dissipation mechanism(s) in the ejeatée(tial emission”) which ceases at
~ 100 ks, causing a steep flux drop. The optical is basicallpgd¥S emission. Once the internal
emission shuts off, the FS produces the X-ray late powerdegay, whose slope is consistent to
that of the optical band. In the following, we briefly discasfew models for the central engine of
GRB 130831A in the light of the properties of the internal ssion.

Newly born magnetar The stellar progenitor of GRB 130831A may have collapséd &
magnetar, which powers jets via dipole spin-down. Theser@y in turn produce the early X-
ray emission of GRB 130831A [3]. In the basic scenario, thgmesar magnetic field and the
X-ray luminosity are initially constant; but when the matarecollapses into a black hole (BH) or
uses up all its rotational energy, the flux drops. This mogplaéns other bursts with an “internal
plateau”, such as GRB 070110 and GRB 060607A. However|st\fdth GRB 130831A since the
flux before the drop is not constant. In a more evolved versidhis model, the magnetic fieH
decays with time as the angular speed. [4] found that, fongiali period P~ 1 ms andB ~ 10'°
G, the jet luminosity, decay slope and duration are simiathbse observed for GRB 130831A.
The expected collapse of the magnetar into a BH, forRlandB parameters above, should take
~ 60 ks (cosmological frame), again quite similar to the cdseRB 130831A.

Black hole with fall-back accretion diskif the progenitor core collapses into a BH, stellar
matter and ejecta failing to reach escape velocity may er@ataccretion disk. This system may
power jets that produce the observed early X-ray emissiamce@ccretion is over, the emission
drops. [5] envisaged two possibilities to explain the longaX plateau of GRBs like 1308314&)
The disk has low viscosity, and can last a fev? 0 however the predicted post-plateau decay is
a ~ 1.3, much flatter than the ~ 7 observedb) The disk has high viscosity, and the jet luminosity
follows the accretion rate. However, the stellar materegds to feed the disk for a few46; the
fall-back rate onto the disk is expected to evolve @3, which is steeper than the obserted®
luminosity decay. Further, to explain the decay and thepstieep, angular momentum would need
to be small in the outermost orbit, which is not predicted t@jlar models.

Binary origin. A close binary formed by a compact object (e.g. a black hanhe)a Wolf-Rayet
star may have a common-envelope phase in which the compgact abcretes from the companion,
powering a jet that emits the observed X-rays [6]. For a canphject and a WR star mass of
a few solar masses and standard viscosity, durations of 4@ are plausible. However, this
scenario might suffer from the same problems as above fi.madility to produce the steep decay
and/or need of a peculiar structure of the WR star.

2.2 Energy partition of GRB 130831A and the associated SN2013fu.

The non-relativistic ejecta of SN 2013fu, the supernovaaated with GRB 130831A, have
kinetic energy ofEsy = 1.9 x 10°? erg [2]. Integrating the 0.3-10 keV luminosity of 130831A
from the end of the prompt emission up to the steep drop, wedin&-ray energy release of
Ex = 2.9 x 10°° erg. Knowing that the late flux is due to FS, we can infer thetinenergyEx
of the relativistic ejecta [7]; we finfix = 11.8 x 10°? erg. The energy emitted in promptrays is
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Figure 1: GRB 130831A UVOIR and X-ray light-curves. XRT arthandradata points are black and
red respectively. Data between 230 ks and 6000 ks are notnshewause they are contaminated by SN
2013fu, associated with this GRB. The reader is referre@jtéof a complete study of the supernova. Data
points at~ 10’ s are due to the host galaxy. On to fRéand and X-ray light-curves, we plot the best-fit
power-law model (dotted and dashed lines). More speciiddié X-ray band model shows two power-laws
that contribute to the flux. The vertical line indicates thstfdecay of the X-ray light-curve, which has no
counterpart in the optical.

E, = 1.1x 10°? erg. The total energy budget of the GRB 130831A & SN 2013finesems up
to Erot = 1.5 x 10°2 erg. HoweverE,, Ex andEx estimated above are upper limits, valid only if
the GRB emission is isotropic. If the outflow is collimateldey will decrease. The solidhandra
detection at 4 x 10° s enables us to set a minimum value on the opening angle ofitiew [8],

8 > 0.12 rad, which in turn corresponds to a lower limit of the egegdget of~ 2 x 10°? erg.
Moreover, if@ > 0.44 rad then the budget is 3 x 10°? erg, i.e. above the kinetic energy reservoir
of a magnetar (magnetar limit). In Table 1, we show the breakdof the energetics into the three
different cases above.

3. Conclusions

The X-ray afterglow of th&wiftGRB 130831A presents an initial shallow slope, which breaks
to a steep decay with index ~ 7 at 100 ks. The well-sampled optical afterglow shows no kimu
taneous break. The X-ray emission up to 100 ks cannot be peddoy a typical FS and instead
must be of “internal origin”. A newly born magnetar with~ 1 ms,B = 10'> G may explain this
X-ray emission, if its magnetic field decays with time.

The optical and théate X-ray emission (detected bghandrg can be interpreted as FS emission,
which enables us to derive the kinetic energy of the ejecta.this obtain the breakdown of the
global energetics of GRB 130831A and its associated SN 20488 we show that, regardless
of the unknown collimation of the explosion, at leas% of the total energy is coupled with

the relativistic ejecta, and less (probably much less) ft¥agoes into X-ray emission of internal

origin.
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Figure 2: Spectral Energy Distributions (SEDs) of GRB 130831A at 8(tkp) and 173 ks (2 days) after
the trigger (bottom). We plot on the 173 ks SED the best-fit ehoa power-law of indeBox = 1.03. We
rescale this model by173/80)*-°8, where 1.58 is the temporal decay slope, and draw it on thes&HD
(dashed line). Such an extrapolation predicts the optmal,clearly underestimates the X-ray emission,

which must be due to a component absent at 173 ks. Each fikghaaame colour in both plots.

Data/Model

n M|
10°® 0.01

Correction Factoff, > Eots2  Eycor Ex Ex

1 (isotropic) 148 7.1% 02% 80%
10 (magnetar limit) 3.2 3.3% 0.1% 37%
133 (upper limit) 2.0 0.4% 0.01% 4.5%

Table 1: Breakdown of the energetics of GRB 130831A and its assatBiie2013fu into energy emitted in
y-rays corrected for beamin@ycorr), €nergy produced in X-rays of internal oridiix, and kinetic energy
associated with the relativistic GRB ejeda. The kinetic energy of the SN Bgy = 1.9 x 10°2 (Cano et
al. 2014), and the total energybst = Esn+ Ey.cor+ Ex + Ex.
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