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ABSTRACT

Context. Gamma-ray bursts (GRBs) occurring in the local Universe constitute an interesting sub-class of the GRB family, since their
luminosity is on average lower than that of their cosmological analogs. Attempts to understand in a global way this peculiar behaviour
is still not possible, since the sample of low redshift GRBs is small, and the properties of individual objects are too different from
each other. In addition, their closeness (and consequently high fluxes) make these sources ideal targets for extensive follow-up even
with small telescopes, considering also that these GRBs are conclusively associated with supernova (SN) explosions.

Aims. We aim to contribute to the study of local bursts by reporting the case of GRB 171205A. This source was discovered by Swift
Burst Alert Telescope (BAT) on 2017, December 5 and soon associated with a low redshift host galaxy (z = 0.037), and an emerging
SN (SN 2017iuk).

Methods. We analyzed the full Swift dataset, comprising the UV-Optical Telescope (UVOT), X-ray Telescope (XRT) and BAT data.
In addition, we employed the Konus-Wind high energy data as a valuable extension at y-ray energies.

Results. The photometric SN signature is clearly visible in the UVOT u, b and v filters. The maximum emission is reached at ~13 (rest
frame) days, and the whole bump resembles that of SN 2006aj, but lower in magnitude and with a shift in time of +2d. A prebump in
the v-band is also clearly visible, and this is the first time that such a feature is not observed achromatically in GRB—SNe. Its physical
origin cannot be easily explained. The X-ray spectrum shows an intrinsic Hydrogen column density Ny = 7.4*54 %10 cm™, which
is at the low end of the Ny, even considering just low redshift GRBs. The spectrum also features a thermal component, which is
quite common in GRBs associated with SNe, but whose origin is still a matter of debate. Finally, the isotropic energy in the y-ray

band, Ej, = 2.18j8§8 x 10* erg, is lower than those of cosmological GRBs. Combining this value with the peak energy in the same
band, E, = 125341 keV, implies that GRB 171205A is an outlier of the Amati relation, as are some other low redshift GRBs, and its

7

emission mechanism should be different from that of canonical, farther away GRBs.
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1. Introduction

Long gamma-ray bursts (LGRBs) are the most powerful stellar
explosions since the formation of the Universe. Most of their
observed electromagnetic energy is released in the 0.01-1MeV
band, and they occur at a rate of one to two per day over the whole
sky. Their subsequent fading emission, which is observed at
multiple wavelengths, is long-lived and called the afterglow (see,
e.g., Mészdros 2006 for areview), can outshine every other known
object in the Universe, both in the optical/near-infrared (NIR)

Article published by EDP Sciences

(e.g., Racusinetal. 2008) and in the X-rays (Cusumano et al.
2006). Contrary to their short-lived brothers, which last less
than two seconds, LGRBs are thought to be the result of
the core-collapse of a massive star, under the mechanism
named the collapsar model (Woosley 1993; Paczynski 19998;
MacFadyen & Woosley 1999). Alternatively, an exploding
massive star in a binary system may cause the companion neutron
star to reach the critical mass and to collapse into a black hole
launching a GRB (Fryeretal. 2014). Given their extraordinary
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power output at all wavelengths, LGRBs are detected up
to very high redshifts (Tanviretal. 2009; Salvaterraetal.
2009; Cucchiaraetal. 2011), making them powerful probes of
the early Universe (see, e.g., Vreeswijk etal. 2001; Berger et al.
2007; Fynbo et al. 2006a; Prochaska et al. 2007; Sparre & Starling
2012).

Considering the other edge of the Universe, close-by
LGRBs are equally important, because these sources show
on average lower luminosities than cosmological events (e.g.,
GRB 980425 at z=0.0085; Galamaetal. 1998; Kulkarnietal.
1998; Pianetal. 2006; GRB 031203 at z=0.105; Malesani et al.
2004; Soderbergetal. 2004; Watsonetal. 2004; GRB 060218
at z=0.0331; Campanaetal. 2006; Mazzalietal. 2006a,b;
Virgilietal. 2009; GRB 100316D at z=0.059; Fanetal. 2011;
Starlingetal. 2011; Bufanoetal. 2012), despite some noteworthy
exceptions like GRB 130427A (Masellietal. 2013). Both theoreti-
cal (e.g., Daigne & Mochkovitch 2007; Barniol Duranetal. 2015)
and phenomenological (e.g., Virgilietal. 2009; Derelietal. 2017)
approacheshavebeenattemptedtoexplainthe peculiarities of these
sourcesinthe framework of the standard GRB model. However, the
sample is still sparse and the individual properties of these bursts
aretoo different from each other to draw firm conclusions.

On the other hand, the connection between LGRBs and
supernovae (SNe) is firmly established. This relationship can be
directly probed only for low redshift events, as the SN emis-
sion becomes too faint to be detected at cosmological dis-
tances. In particular, for close-by events (z < 0.3), a detailed
spectroscopic monitoring of the accompanying SN makes it
possible to derive physical parameters of the ejecta and the
progenitor (Galama et al. 1998; Patat et al. 2001; Hjorth et al.
2003; Stanek et al. 2003; Malesani et al. 2004; Pian et al. 2006;
Bufano et al. 2012; Mazzali et al. 2006a,b; Woosley & Bloom
2006; Hjorth & Bloom 2012). These observations reveal that
SNe accompanying LGRBs are explosions of bare stellar cores,
that is, their progenitors (whose estimated mass is higher than
~20 M) have lost all their hydrogen and helium envelopes
before collapse (a.k.a. supernovae of type Ic). However, this sce-
nario is challenged by two surprising exceptions: GRB 060505
at z = 0.089 and GRB 060614 at z = 0.125, which show
no evidence for SN emission down to very deep limits, sug-
gesting a new phenomenological type of massive stellar death
(Della Valle et al. 2006; Fynbo et al. 2006b).

The GRB field was revolutionized by the Neil Gehrels Swift
Observatory (Gehrels et al. 2004). After more than 13 years of
operations, Swift has detected more than 1000 GRBs. The key
to the success of this mission is its ability to quickly repoint its
narrow field instruments and to obtain an arcsecond position of
the afterglow in the X-ray and optical/UV bands within a few
minutes. One of these bursts, GRB 171205A, was detected by
Swift on 2017 December 5 and an association with a close-by
galaxy at z ~ 0.04 was soon revealed (Izzo et al. 2017a). Given
the proximity of this LGRB, the interest of the scientific com-
munity was testified by the massive follow-up of the afterglow
at all wavelengths (see Sect. 4.1 for details).

In this work we have concentrated on the Swift data acquired
for this special LGRB. The paper is organized as follows: Sect. 2
summarizes the properties of GRB 171205A and its association
with a supernova, as reported in the literature; Sect. 3 intro-
duces our dataset and illustrates the data reduction process, a
subsection is devoted to each of the three Swift instruments;
Sect. 4 presents and discusses our results; in Sect. 5 we draw
our conclusions. Unless otherwise stated, we assume a cosmol-
ogy with Hy = 67.3kms™ Mpc™!, Q,, = 0.315, Q, = 0.685
(Planck Collaboration XVI 2014).
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2. GRB 171205A

GRB 171205A was discovered by the Burst Alert Telescope
(BAT; Barthelmy et al. 2005) instrument on board Swift on 2017
December 5 at 07:20:43.9 UT (D’Elia et al. 2017). The BAT
light curve shows some weak emission with multiple overlap-
ping peaks that starts at 7o — 40 s and ends at T + 200 s, where
Ty is the burst detection time. The BAT spectrum is best fit by
a simple power-law model (Barthelmy et al. 2017). The GRB
was also detected by Konus-Wind (Frederiks et al. 2017). The
X-Ray Telescope (XRT; Burrows et al. 2005) began observation
the GRB about 150 s after the trigger (Kennea et al. 2017).

The Ultraviolet and Optical Telescope (UVOT, Roming et al.
2005) began settled observations of the field of GRB 171205A
154 s after the BAT trigger. A source consistent with the XRT
enhanced position (Osborne et al. 2017) was detected in the ini-
tial UVOT exposures and well detected in all filters. The revised
source position was RA(J2000) = 11:09:39.55, Dec(J2000) =
—12:35:17.9 (Emery & D’Elia 2017).

The afterglow was tentatively associated with a close-by
bright spiral host galaxy at z = 0.037 (2MASX J11093966-
1235116) even before its optical position was known (Izzo et al.
2017a). Ground-based facilities pointed to the GRB starting a
few minutes after the BAT notice, allowing for the detection of
the afterglow in the optical and near infrared (e.g., Butler et al.
2017; Mao et al. 2017; Choi & Im 2017; Melandri et al. 2017),
and the confirmation of the association with the host galaxy
through the detection of both absorption and emission lines at
the common redshift of z = 0.0368 (Izzo et al. 2017b). The host
galaxy mass is log,,M/Ms = 10.1 £ 0.1, which is at least a fac-
tor of ten heavier than any other low-redshift GRB with a con-
firmed supernova (SN) counterpart (Perley & Taggart 2017), and
it has a star-formation rate (SFR) of 3 + 1 M yr~'. The detec-
tion of spectral features from an emerging SN (SN 2017iuk) was
indeed reported two days after the burst (de Ugarte Postigo et al.
2017a), with bumps similar to that seen in the very first stages of
SN 1998bw (Patat et al. 2001).

Finally, a bright afterglow is also detected in several
radio bands (de Ugarte Postigo et al. 2017b; Smith & Tanvir
2017; Perley et al. 2017; Trushkin et al. 2017). As reported by
de Ugarte Postigo et al. (2017b) this is the second brightest GRB
ever detected at these wavelengths.

3. Data reduction and analysis
3.1. y-ray data reduction and analysis
3.1.1. BAT data reduction and analysis

The BAT data analysis uses the event-by-event data collected
from Ty — 239s to Ty + 963 s, the standard BAT software
(HEASOFT 6.22.1') and the latest calibration database
(CALDB?). The BAT mask-weighted light curve (Fig. 1) shows
some weak overlapping pulses that start at ~7y —40 s and end at
~To+200s. Tyg (15-350keV) is 190.5 + 33.9 s (estimated error
including systematics). In the following, Too (T100) indicates the
time interval where integrated counts from the GRB raise from
5% to 95% (0% to 100%).

The BAT spectral analysis was performed by XSPEC?. For
the spectrum time period that covers the spacecraft slew time (up

' http://heasarc.nasa.gov/lheasoft/

2 http://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/
swift/

3 http://heasarc.gsfc.nasa.gov/xanadu/xspec/
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BAT Light Curve of GRB 171205A
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Fig. 1. Swift/BAT mask-weighted light curve in 15-350keV and 1 s time
bins. The gray region encloses the Ty interval.
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Fig. 2. Swift/BAT time averaged spectrum in the 7T'op duration with a
simple power-law fit.

to 143 s after the trigger), an average response file is generated by
summing up several short-interval (five-second) response files
(see detailed description in Lien et al. 2016). The time averaged
spectrum from Ty —42.2 s to Ty + 197.8 s (the T'jop duration) can
be fitted by a simple power-law model with reduced x> = 1.08
for 57° of freedom (d.o.f.). The power law index of the time-
averaged spectrum is 1.37 + 0.14. The cutoff power-law model
gives a reduced y? = 1.09 for 56° of freedom (d.o.f.), and hence
does not show significant improvement over the simple power-
law model. Figure 2 shows the spectrum in the 7oy duration and
the simple power-law fit.

3.1.2. Konus-Wind data reduction and analysis

The Konus-Wind instrument (KW; Aptekar et al. 1995) is a
y-ray spectrometer consisting of two identical Nal(Tl) detec-
tors, S1 and S2, which observe the southern and northern ecliptic
hemispheres, respectively. Each detector has an effective area of
80-160 cm?, depending on the photon energy and incident angle.
Since KW did not trigger on the burst, the data are available only
from the instruments “waiting mode”. In this mode, count rates
with a coarse time resolution of 2.944 s are recorded in three

KONUS-WIND GRB 171205A
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Fig. 3. Konus-Wind observation of GRB 171205A in G1+G2, G1, G2,
and G3 bands (fop to bottom, black lines). Red lines show the results of
the Bayesian block analysis in the G1+G2 band. The Swift/BAT light
curves in corresponding energy bands are shown for reference (green
lines), shifted and scaled to match the KW light curves. The vertical
dashed lines denote the data interval chosen for the joint KW+BAT
spectral analysis.

energy bands: G1(22-95keV), G2(95-390keV), and G3(390—
1580 keV).

A Bayesian block analysis of the KW waiting mode data
reveals a weak count rate increase in S1 in the interval from
To — 50s to Ty + 95s. The burst detection significance in the
combined G1+G2 light curve is ~100 (95s scale), while no
statistically significant emission has been detected in the G3
band (Fig. 3). The time-averaged three-channel spectrum of the
most intense part of the burst, measured from 7, — 47.797 s to
To +41.575, is well fit by a simple power-law (PL) model with
the PL index 2.00 + 0.18, y* = 0.88 for 1 d.o.f.

3.1.3. Konus-Wind and Swift/BAT joint spectral analysis

To derive the broad-band spectral parameters of this burst, we
performed joint spectral analysis of the Swift/BAT data and
the Konus-Wind three-channel spectral data. The energy ranges
which we used in the joint spectral analysis are 22—-1580 keV and
15-150keV for the KW and the BAT, respectively. The spectral
data of two instruments were fitted in XSPEC with the spec-
tral model multiplied by the constant factor to take into account
the systematic effective area uncertainties in the response matri-
ces of each instrument. The resulting BAT constant factor
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Fig. 4. Konus-Wind (red points and line) and Swift/BAT (black points
and line) joint spectral fit to the time-averaged spectrum with the CPL
model.

Cgar (the KW constant factor is fixed to one) is consistent,
within uncertainties, with the range (0.8—1.0) derived from the
KW-BAT cross-calibration (Sakamoto et al. 2011).

The time interval of the spectral data for each instrument
is chosen from Ty — 47.797 to Ty + 96.459s (to ensure the
same spectrum accumulation interval, the KW time has been cor-
rected for the burst propagation from Konus-Wind to Swift). This
interval comprises whole burst as observed by Konus-Wind and
contains 80% of the total count fluence in the 15-150keV as
observed by BAT.

A fit to the spectrum with a simple power-law function

: : _ 0.14 ; 2 _
results in a photon index a = I.SOfOI% 4 With areduced y* = 1.48

for 59 d.o.f. The reduced y? gives the best agreement adopting as
a model a power-law with exponential cutoff (CPL). No system-
atic residual from the best fit model is seen in the spectral data
of each instrument (Fig. 4). The best-fit spectral parameters are:
a= —0.85’:8:2‘1‘) and Epeq = 1223;1 keV (reduced y* = 1.24 for
58 d.o.f.).

A fit to this spectrum with the Band GRB function yields the
same « and Epe and only an upper limit on 5 < —2.2 (reduced
x?> = 1.26 for 57 d.o.f.). The best fit spectral parameters for the
Band model fixing 8 to —2.5 are: @ = —0.88’:8% and Epea =
1252‘7‘1 keV (reduced y? = 1.27 for 58 d.o.f.).

To conclude, despite large uncertainties, we are able to
constrain both the lower (~90keV) and the upper (~230keV)
boundary on Epe thanks to the use of the Swift/BAT and KW
data, respectively, the synergy of the two instruments being the
key of the success here. Concerning the spectral model used,
assuming a Band model instead of a CPL has little impact on the
result, either if we freeze S to —2.5 or if we adopt the hardest
spectrum allowed by our data (8 < —2.2, see Table 1).

3.2. XRT data reduction and analysis

Observations of GRB 171205A by Swift/XRT were begun about
150 s after the BAT trigger time (7() =2017-12-05 07:20:43 UT);
in this first orbit Swift collected 9.5 s of data as the satellite was
slewing to the target, and 250 s of pointing data in Windowed
Timing (WT) mode (D’Elia et al. 2017). Swift then regularly
monitored the afterglow until 2018 February 21 in PC mode for

A66, page 4 of 14

Fig. 5. Swift/XRT (0.3-10keV) data in blue (logarithmic scale) super-
posed on the optical image from the Sloan Digital Sky Survey in red
color. Data are smoothed with a Gaussian kernel of 3 arcsec width and
1.5 arcsec sigma. North and west directions shown by the two arrows
of 30 arcsec lenght. The refined XRT position has a radius of 1.5 arcsec
and it clearly indicates an offset ~8 arcsec from the center of the host
galaxy 2MASX J11093966-1235116.

Table 1. Results of the spectral fit of KW and BAT data from time inter-
val Ty — 47.797 to T + 96.459 s.

Instrument Model « B Epeax x¥? (d.of)
(PL index) (keV)
BAT PL 1.367013 - - 70.9 (57)
BAT CPL -1 .osjgfég - >94  70.1(56)
KW PL 208938 - - 3.9(1)
KW CPL  -0.96 - 128 0(0)
BAT+KW PL 1507014 - - 87.6 (59)
BAT+KW  CPL  —0.85°05 - 1227111 71.8(58)
BAT+KW  Band —0.85f8i5:‘} <-22 123t 718(57)
BAT+KW  Band —o.ssjg;jg -2.5 (fixed) 125*131 733 (58)
BAT+KW  Band  —091* 37 —22(fixed) 128410  74.6 (58)

a total exposure time of ~305 ks. Table A.2 shows the log of all
the Swift/XRT observations.

The data were processed using the XRTDAS software
(v. 3.4.0; Capalbietal. 2005) developed at the ASI Space
Science Data Center and included in the HEAsoft package
(v. 6.22.1) distributed by HEASARC. For each observation of
the sample, calibrated and cleaned WT and PC mode event files
were produced with the xrtpipeline task. The default screening
criteria were applied to the data.

For PC (WT) data, we extracted high-level scientific prod-
ucts using a circular (strip) region of 20 pixel radius (one
pixel =2.36"") centered on source in the 0.3-10keV energy
range. We choose as the background a region of similar area next
to the afterglow position where no other contaminating source is
present. In Fig. 5 we show the field of GRB 171205A, obtained
superposing the XRT refined position to the optical image from
the Sloan Digital Sky Survey.

The X-ray light curve of the afterglow can be well described
by a steep (index 2.2) power-law from T + 300s to Ty + 7.2 ks,
followed by a plateau phase (index ~ 0) from T +7.2ks to T +
92 ks, followed by a power-law decay of index 1.08, in other
words, a typical steep-flat-normal behavior (Kennea et al. 2017).
The data before Ty + 300 s are described by a shallower power-
law (index 1.8) with respect to the steep decay. The XRT light

curve is reported in Fig. 6.
During the first XRT observation performed in WT mode,

from 150 s to 400 s after the BAT trigger, the residuals in the soft-
est XRT band suggested the presence of an additional thermal
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Fig. 6. Swift/XRT and Swift/UVOT light curve of the GRB 171205A afterglow. UVOT data are corrected for the host galaxy and extinction
contribution. Information on the UVOT filter passbands can be found at: http://www.swift.ac.uk/analysis/uvot/filters.php

component (Campana et al. 2017). We divided the XRT spectral
data into two datasets each containing an equal number of pho-
tons (splitting the observation at ~225s after trigger). We then
fit the two datasets to investigate spectral changes, but we find
compatible results between the two datasets. To better investi-
gate the presence of a soft component we included in the fit also
the 45 s of BAT data contemporaneous with the XRT observa-
tions. We fit the BAT+XRT data with a power law plus a black-
body component plus a Galactic absorption component (fixed to
5.9 x 102 cm™2, Willingale et al. 2013, modeled with tbabs).
The soft blackbody component is significant based on an
F-test (F statistic value= 19.2608 and probability of null
hypotesis= 1.7 x 1078, We also included an intrinsic absorp-
tion component at the redshift z = 0.0368 of the host galaxy
(Izzo et al. 2017b). The inclusion of this additional absorption
component is significant at 0.4% (F-test). The overall fit is good,
with reduced y* = 0.99 for 246 d.o.f. The blackbody tempera-

ture is 891’53 eV and its radius at 163 Mpc is l.Sf(l):% x 102 cm.

The intrinsic absorption is 9*% x 10%° cm™. The power law pho-
ton index is I' = 1.64 + 0.07. The mean 0.3—10keV unabsorbed
flux during the WT observation is 1.5 x 10~ ergcm™2s~! (cor-
responding to a luminosity of 4.8 x 10* erg s™!), with the black-
body component comprising ~20%. We show in Fig. 7 the XRT
unfolded spectrum of the best fit model, including the blackbody
component, together with the residuals.

We time-selected the PC-mode data and extracted energy
spectra in correspondence with the time intervals having the
same decay index in the light curve. We adopted a power
law spectrum, imposing the same absorption column on the

%
% oJil |||H1HNHH!,“1L| H.HMWIW MHM KW!NM | JHHI‘HMMI H% ]
L :H”M - HHHM WHHAH’W‘!‘ i ki

Fig. 7. Top panel: Swift/XRT (0.3—10keV) unfolded spectrum and best-
fit model (blackbody component in green and power-law in blue).
Bottom panel: residuals of the fit to the data.

BAT+WT-mode and PC-mode spectra and we found no signif-
icant change in slope of the power-law (I' = 1.83 + 0.06). We
therefore averaged all the data in PC mode and made a common
fit with the WT data. The intrinsic host-galaxy absorption is fur-
ther constrained to be 7.4*3{ x 10%° cm™ at the host redshift of
z = 0.0368 (see Fig. 8). The parameters of the (WT) blackbody
changed to 91’:51 eV for the temperature, and 1.3f8:§ x 102 cm
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Fig. 8. Contour plot showing intrinsic column density vs. temperature

for the combined WT and late time PC spectrum. Red, green and blue
curves enclose 1o, 20 and 30 confidence contours, respectively.

for the radius at 163 Mpc (I' = 1.63 + 0.06), that is, they are con-
sistent within the errors. The blackbody component is still com-
prising ~17% of the 0.3—10 keV flux. The overall fit is good with
reduced y? = 0.97 for 284 d.o.f. To conclude, we note the intrin-
sic X-ray column density we obtain is at the low end of the GRB
distribution, even among low redshift Swift/XRT GRBs where
the mean is Ny ~ 2.4 X 10*' cm™2 at z < 0.2 (Arcodia et al.
2016).

3.3. UVOT data reduction

The Swift/UVOT began observing the field of GRB 171205A
154 s after the trigger (D’Elia et al. 2017). The afterglow was
detected in all UVOT filters.

The source counts were extracted using a region of 3" radius.
We used this aperture size because whilst the standard aper-
ture for extracting count rates is a 5” radius aperture, it is
more accurate to use a smaller source aperture if the count
rate is low (Poole et al. 2008). Furthermore, a smaller aperture
limited the contamination of the host galaxy. The count rates
were corrected to a 5” aperture using the curve of growth from
the UVOT calibration files so that they are consistent with the
UVOT calibration. Background counts were extracted using a
circular region of radius 30” in a source-free region where
the is no substantial contribution from the host galaxy. The
count rates were measured using the Swift ftool uvotsource and
were converted to magnitudes using the UVOT photometric zero
points (Breeveld et al. 2011). The UVOT data are provided in
Table A.2. The analysis pipeline used software HEADAS 6.21
and UVOT calibration 20170130.

Since we observed GRB 171205A superposed on its host
galaxy, the count rates we measured are contaminated with light
from the host. To measure the contribution of the host galaxy,
we measured the count rates for each observation between
6729-6788 ks using the same 3” source aperture we used for
GRB 171205A and performed a moving mean calculation to get
an average count rate for the host galaxy. The host galaxy count
rates were aperture-corrected to 5 for the same reasons as the
source count rates were. Host galaxy correction was performed
on all count rates for each filter.

For each light curve the magnitudes were binned with At/t =
0.2, when the signal-to-noise ratio, (S/N) < 2. Additionally,
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the light curves were adjusted to correct for Galactic extinction,
E(B - V) = 0.0434 (Schlafly & Finkbeiner 2011). The resulting
background subtracted, galactic extinction corrected light curves
are displayed in Fig. 6. No correction for the host galaxy absorp-
tion was performed.

4. Discussion
4.1. y-ray energetics and spectral shape

Using the joint BAT and Konus-Wind spectral fit, the burst
energy fluence in the 15-1500 keV band calculated by the best-

fit (CPL) model for the 144.26s interval is § = 5.983:21 X

1076 erg cm™2. Assuming z = 0.0368 (Izzo et al. 2017b), we esti-
mated the isotropic energy release (1keV-10MeV in the GRB
rest frame) of GRB 171205A to be Ej, = 2.18f8:g(3) x 10% erg.

In this approach, the Ejy, errors are propagated directly from
the flux errors, that is, not taking into account the k-correction
uncertainty. We checked that, calculating the model fluence in
the bolometric rest-frame band to take this effect into account,
increases just slightly the Ejs, error (less than 10%). Concern-
ing the spectral model uncertainties, if we use a Band function
instead of a CPL, we obtain Ej, = 3.6%0:9x10*, a slightly higher
value.

The E;, derived for this burst is similar to those of other
low-luminosity GRBs. For example, the Ejs, (in the observed
15-150keV band) for GRB 060218 is 2.57 x 10* erg (assum-
ing Top = 21005, see Campana et al. 2006) and GRB 100316D
has Ei, > 3.70 x 10¥erg (assuming Toy > 1300s, see
Starling et al. 2011). However, besides the low Ejg,, other prop-
erties of GRB 171205A seem to be different from GRB 060218
and GRB 100316D. The BAT spectrum of GRB 171205A is
harder than those of GRB 060218 and GRB 100316D, which
have power-law indices of 2.18 and 2.36, respectively (Lien et al.
2016). In addition, both GRB 060218 and GRB 100316D
show long-lasting burst emission of more than ~1000s, while
GRB 171205A has no obvious emission after ~7(+200 s, though
we note that GRB 171205A went out of the BAT field of view at
Ty + 479s. As shown in Fig. 9, GRB 171205A lies outside the
Amati relation from the BAT long GRB (Krimm et al. 2009) and
the Konus-Wind (Tsvetkova et al. 2017) samples, even adopting
the more conservative values for Epeqx (see Sect. 3.1.3) and Ej,.

Other low-luminosity GRBs such as 171205A are not consis-
tent with the Amati relation. As discussed by Amati et al. 2007,
this lack of consistency strongly indicates that these LL-GRBs
are not just normal, “cosmological” events seen off-axis. GRBs
are supposed to be jetted sources seen on-axis (Sari et al. 1999)
or very close to it. Theoretically, if a GRB event were seen off-
axis, the prompt emission detected would be weaker, since the
radiation is strongly beamed toward the direction of motion by
relativistic effects. It is found that E, o ¢ and Ej, o sl
(Amati et al. 2007; Yamazaki et al. 2003), where « is the low-
energy photon index and ¢ is the relativistic Dopper factor which,
in turn, depends on the half-opening angle 6, of the GRB jets
and the angle between the GRB jet axis and the observer Gyps:
0 =0 =v/ccos(Oops — Gjet)))‘l. This parameter ¢ decreases as
Oobs — Bier increases.

Since E, and Ejy, depend on ¢ in different ways, GRBs seen
off-axis cannot follow the Amati relation as GRBs seen on-axis.
We find that, in principle, this might be the case for 171205A.
Let us assume a = —1.2, which is still consistent with the anal-
ysis of the prompt emission at 90% confidence level. Let us also
assume that this GRB is seen off-axis and that § decreases by a
factor of ~500 from when this event is observed on-axis. Thus,
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the estimate of E, would decrease by ~500, while the estimate of

Eis, would decrease by ~500'*12 = 8.7x10°. The on-axis values
of these parameters would thus be E}, opaxis ~ 6 X 10*keV and
Eisoonaxis ~ 2 X 10°® erg. In principle, these estimates are now
within ~2.50 variation from the best fit of the Amati relation.
However, these values are also highly problematic because they
are large compared to those of known GRBs. A GRB with such
parameters would be truly exceptional and unlikely to be found
within the relatively small volume enclosed by the redshift of
GRB 171205A. A higher value of @ would only exacerbate the
problem, while lower values of § would not allow the parame-
ters of this GRB to be consistent with the Amati relation. Thus,
GRB 171205A seems to be an event that cannot be explained as
a typical cosmological event seen off-axis; instead, its emission
mechanism appears to be different from those of farther away,
very energetic GRBs.

We conclude the section with a word of caution on the out-
liers of the Amati relation. The relation below 10°° erg is not well
studied yet, and in some cases the locations of the outliers could
be due to observational biases (Martone et al. 2017). In addition,
the upper boundary of the Amati relation, as distinct from the
lower one, is strongly affected by instrumental selection effects
(Heussaff et al. 2013; Tsvetkova et al. 2017) and could not be
unequivocally treated as an intrinsic GRB property. Thus, the
problem of the upper-side outliers in the Amati relation, espe-
cially at low Eiy, is rather complicated.

4.2. The UV-optical light curve

At early times, the UV-optical light curves (Fig. 6) are flat
(a1,y = —0.11£0.08), consistent with the plateau phase observed
in the X-rays, followed by a steeper decay phase (a2 y = 1.79 +
0.39). This behaviour has been previously observed for sev-
eral Swift GRBs (i.e., Oates et al. 2009; Melandri et al. 2014).
At late times (At > 3d) the signature of an emerging super-
nova component is clearly visible in the UBV optical filters,
and this was also reported by independent spectroscopic obser-
vations (de Ugarte Postigo et al. 2017a).

i
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Fig. 10. Overall fit of the ubv light curves (dashed black line). The best
match for the SN contribution is obtained with the SN 2006aj template
(dashed red lines) shifted by +2 days but lower in magnitude (solid red
lines).

In Fig. 10 we fit the early u-band light curve (which is the
best sampled filter since the start of UVOT observations) with a
broken power-law in order to estimate the afterglow contribution.
The best fit is then rigidly shifted to the b and v-band data. The
agreement with the data is good and therefore we can consider the
UVOT afterglow to be achromatic. Then we compare the observed
u, b, and v light curves for SN 2017iuk with the corresponding
curves for SN 1998bw and SN 2006aj. The best match of the SN
bump is with the template light curves of SN 2006aj, but lower
in magnitude and with the peak time shifted by ~2d. A simple
estimate of the peak time for the b and v filters provides the fol-
lowing values: tfeak =12.7+1.2and t;/eak = 13.6+1.5days. These
values are consistent with typical peak times and magnitudes of
other well-studied SNe connected with low-luminous GRBs (i.e.,
Cano et al. 2017a). Finally, we summed the afterglow, supernova,
and host galaxy contribution obtaining the overall fit of the light
curves in the UBV filters (Fig. 10).

The description of the properties of SN 2017iuk is beyond
the purpose of this paper and it would require a more detailed
modeling and subtraction of the afterglow contribution in each
UVOT filter. However, we must note that despite the fact that
the behaviour of the UV-optical light curve at ¢t < 5d seems
to be achromatic, it displays a possible premaximum bump in
the v-band that is not visible in other filters. As discussed by
Cano et al. (2017b) such early bumps have been observed for
other GRBs—SNe and they typically seem to be achromatic; for
SN 2017iuk (as for SN 2016jca, discussed by Cano et al. 2017b)
the bump is detected only in one filter and its physical origin
could not be easily explained.

4.3. X-ray spectral behaviour

Although the X-ray spectrum is well described by an absorbed
power law, the inclusion of a thermal component to fit the data
significantly improves the reduced y? (see Sect. 3.2). The pres-
ence of such a component is not new in GRB spectra, espe-
cially in the early time data of GRBs associated with SNe, with
notable examples being GRB 060218 (e.g., Campana et al. 2006),
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GRB 090618 (e.g., Pageetal. 2011) and GRB 100316D (e.g.,
Starling et al. 2011).

The origin of this thermal feature in GRBs is still
under debate, with one of the first proposed explanations
being the shock breakout of the emerging supernova (Colgate
1974; Waxman et al. 2007; Nakar & Sari 2010, 2012). Alterna-
tive explanations include late jet photospheric emission (e.g.,
Friis & Watson 2013), or that the emission comes from a rela-
tivistically expanding hot plasma cocoon surrounding the GRB
jet (e.g., Suzuki & Shigeyama 2013; De Colle et al. 2018). In
fact, Pe’er et al. (2006) demonstrate that a few hundreds of sec-
onds after the prompt emission, the bulk of the cocoon radiation
may fall in the X-ray band.

The first attempt to study the X-ray thermal emission in
GRB-SNe from a statistical point of view was performed
by Starling et al. (2012). These authors select 11 Swift GRBs
with associated SNe and systematically searched for a thermal
(blackbody-like) emission in the X-ray spectra. They found that
four objects do (and three do not) show this component, and
identified a further four possible cases of thermal emission. The
conditions on redshift and absorbing column density required
for detection of a thermal X-ray component similar to those seen
previously in GRB afterglows are assessed in Sparre & Starling
(2012) and are all met in the case of GRB 171205A. We there-
fore compared the physical parameters of the Starling et al.
sample with those evaluated for our GRB. The ratio between
the blackbody and the total 0.3-10keV X-ray flux as well as
the radius of the blackbody emitting region for GRB 171205A
fall within the corresponding parameter distributions reported in
Starling et al. (2012). On the other hand, our GRB has a black-
body temperature that is lower than those of all GRBs reported
in Starling et al. (2012) over the first few hundred seconds since
burst (thanks also to the closeness of the GRB), but is con-
sistent with their later (~760s) detections of the blackbody in
GRB 101219B .

5. Conclusions

The burst GRB 171205A revealed itself as a close-by burst (z =
0.0368), thus belonging to a class of GRBs comprising few but
high flux events. Together with the discovery of the associated
supernova (SN 2017iuk), this made GRB 171205A one of the
most followed-up bursts of recent years.

In this paper we presented the Swift and Konus-Wind data of
this burst. The dataset extends up to ~107 s in the time domain
and from the Swift/UVOT v band (~2.25 % 1073 keV) to the high-
est Konus-Wind band (~1.6 x 10° keV).

Our main findings are summarized below.

— We derive the rest frame peak energy E, = 12513 keV and

isotropic energy Ej, = 2.18*0%3 x 10* erg by fitting the
Swift/BAT and Konus-Wind spectral data. As other low lumi-
nosity GRBs, GRB 171205A lies outside the Amati relation.
This behaviour strongly indicates that this GRB is not a “nor-
mal” event seen off-axis, but its emission mechanism should
be different from cosmological bursts.

— We studied the optical-UV light curve collected by
Swift/lUVOT. The v, b, and u data clearly show a supernova
feature emerging from the fading contribution of the after-
glow radiation. The peak of the SN emission is located at
~13 days after the GRB detection. Comparing SN 2017iuk
light curves with templates in the literature, we found that
the best match is with SN 2006aj, but lower in magnitude
and with the peak time shifted by approximately two days.
We finally note a premaximum bump in the v-band. Such
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features have been observed in other GRB-associated SNe,
but not in just a sinlge band as in GRB 171205A (i.e., the
premaximum bump was achromatic). The chromaticity of
the premaximum bump in the GRB 171205A/SN 2017iuk is
thus not easily explained.

— We produced the X-ray spectrum of GRB 171205A using the
Swift/XRT data. The intrinsic column density lies at the low
end of the GRB distribution, even considering just low red-
shift Swift/XRT GRBs. We detected a thermal component in
the X-ray spectrum. The ratio between the blackbody and the
total 0.3—10keV X-ray flux as well as the radius of the black-
body emitting region for GRB 171205A fall within the the
corresponding parameter distributions reported in previous
works. On the other hand, our GRB has a blackbody tem-
perature that is lower than that of all GRBs with a reported
thermal component at early times. The origin of this compo-
nent is still a matter of debate.
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Appendix A: Summary of our XRT and UVOT observations

Table A.1. Log of the Swift/XRT observations used in this work.

ObsID (MODE)

Tstan(TT)

Ttop (TT)

Exposure (s)

Count rate/Error (1073 counts s™!)

794972000 (WT)

794972000 (PC)
794972001 (PC)
794972002 (PC)
794972003 (PC)
794972004 (PC)
794972005 (PC)
794972006 (PC)
794972007 (PC)
794972008 (PC)
794972009 (PC)
794972010 (PC)
794972012 (PC)
794972014 (PC)
794972015 (PC)
794972016 (PC)
794972017 (PC)
794972018 (PC)
794972019 (PC)
794972020 (PC)
794972021 (PC)
794972022 (PC)
794972023 (PC)
794972024 (PC)
794972025 (PC)
794972026 (PC)
794972027 (PC)
794972028 (PC)
794972029 (PC)
794972030 (PC)
794972031 (PC)
794972032 (PC)
794972033 (PC)
794972034 (PC)
794972035 (PC)
794972036 (PC)
794972037 (PC)
794972038 (PC)
794972039 (PC)
794972040 (PC)
794972041 (PC)
794972042 (PC)
794972043 (PC)
794972044 (PC)
794972045 (PC)

2017-12-05 07:23:30
2017-12-05 08:21:14
2017-12-05 08:29:14
2017-12-05 16:19:40
2017-12-06 00:31:46
2017-12-07 14:36:22
2017-12-07 11:33:22
2017-12-08 00:10:04
2017-12-08 19:15:11
2017-12-09 00:07:23
2017-12-09 14:47:03
2017-12-11 17:54:11
2017-12-12 12:32:17
2017-12-13 01:45:15
2017-12-13 19:13:05
2017-12-14 01:15:54
2017-12-1501:12:53
2017-12-16 01:07:53
2017-12-17 01:16:25
2017-12-18 00:48:53
2017-12-19 00:57:56
2017-12-20 05:54:20
2017-12-21 00:42:03
2017-12-21 19:47:23
2017-12-23 02:33:21
2017-12-24 02:22:53
2017-12-25 02:19:28
2017-12-26 16:02:25
2017-12-27 14:23:32
2017-12-28 03:27:02
2017-12-29 14:11:03
2017-12-30 03:14:56
2017-12-31 00:03:15
2018-01-01 13:54:30
2018-01-02 09:15:27
2018-01-03 02:49:52
2018-01-04 10:46:59
2018-01-05 08:47:19
2018-01-08 08:30:33
2018-01-10 15:09:37
2018-01-12 09:56:31
2018-01-14 08:11:59
2018-01-16 04:54:20
2018-01-19 04:37:37
2018-02-21 04:36:37

2017-12-05 08:21:12
2017-12-05 08:25:04
2017-12-05 15:14:52
2017-12-06 22:40:54
2017-12-06 22:55:52
2017-12-07 21:17:53
2017-12-07 13:23:52
2017-12-08 09:59:52
2017-12-08 21:14:54
2017-12-09 13:10:53
2017-12-09 14:47:03
2017-12-11 21:09:54
2017-12-12 19:24:52
2017-12-13 17:49:54
2017-12-13 19:26:55
2017-12-14 14:24:53
2017-12-15 23:51:52
2017-12-16 23:54:53
2017-12-17 18:47:52
2017-12-18 10:38:53
2017-12-19 16:57:53
2017-12-20 20:03:53
2017-12-21 18:35:54
2017-12-22 11:58:54
2017-12-23 13:35:51
2017-12-24 15:03:52
2017-12-25 22:40:52
2017-12-26 21:05:53
2017-12-27 21:11:52
2017-12-28 08:01:52
2017-12-29 22:41:54
2017-12-30 19:28:53
2017-12-31 21:01:52
2018-01-01 23:47:53
2018-01-02 20:51:52
2018-01-03 14:19:54
2018-01-04 18:43:52
2018-01-05 18:57:53
2018-01-08 15:08:53
2018-01-10 20:05:54
2018-01-12 09:56:31
2018-01-14 14:48:54
2018-01-16 17:57:54
2018-01-20 09:28:52
2018-02-21 20:58:51

250
229
7964
14724
19968
7302
1753
7921
2040
7354
759
702
7497
4747
812
4915
5996
9607
7165
5436
8480
6545
8213
8121
5614
8865
5432
5921
6231
2295
8453
9632
4028
9427
8788
9550
8231
9714
7557
4910
3753
4852
5256
4105
8490

(24.6 +0.3) x 103
29 £ 13
190+ 1.7
16.7+1.2
73+13
72+12
8.1x£25
6.7+ 1.1
1.3+03

7.8 +1.6

1.9 3-cull)
2.4 (3-0-ul.)
1.6 £ 0.6
20+£0.8

2.1 (3-0ull)
2.0+09
2.7+0.8
20+0.5

1.4 +£0.7
3.1+09
3.0+0.7
22+0.8
2.1+0.6
1.3+0.5
1.0£0.5

2.2 (3-0ul)
1.2+0.6
3.6 (3-cul)
3.3@3-cul)
6.4 (3-0-u.l.)
2.8 (3-cull)
1.3+0.5

4.5 (3-0ull)
1.4 +£0.6
3.0 (3-0ul)
1.0+ 0.5
1.0£0.5
09+04

3.1 (B3-0ul)
4.0 (3-0u.l)
5.1 (3-0ul)
6.0 (3-0-u.l)
4.0 (3-0u.l)
4.6 (3-0-u.l.)
5.0 (3-0-u.l)

Notes. The columns show the identification number for each observation (ObsID, we omitted leading zeros), the T, and Tgp times in TT, the
exposure time, the average count rate (or the 3-0- upper limit when no statistically significant, above 2 o, detection is made) in a source box-radius

of 10 pixel centered on the source coordinates.
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